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Zdjh Suhpld dqg Vnloo Xsjudglqj lq Lwdo|=
Zk| glgq*w wkh Krxqg EdunBú
Sdror Pdqdvvh|/ Oxfd Vwdqfd}/ Dohvvdqgur Wxuulql{
Rfwrehu 5334
Devwudfw
Wklv sdshu suhvhqwv ?up ohyho hylghqfh rq wkh fkdqjh ri qrq0
pdqxdo zdjh suhpld dqg hpsor|phqw vkduhv lq Lwdoldq pdqxidfwxu0
lqj gxulqj wkh qlqhwlhv1 Zh ?qg wkdw wkh uhodwlyh vwdelolw| ri djjuh0
jdwh zdjh suhpld dqg hpsor|phqw vkduhv klghv r>vhwwlqj glvdjjuhjdwh
irufhv1 Iluvw/ zkloh whfkqlfdo surjuhvv udlvhv wkh uhodwlyh ghpdqg iru
vnloohg oderu zlwklq ?upv/ ghpdqg fkdqjhv dvvrfldwhg zlwk h{sruwv
uhgxfh wkh uhodwlyh ghpdqg iru vnloov1 Vhfrqg/ zlwklq wkh fodvv ri qrq0
pdqxdo zrunhuv/ zdjh suhpld dqg hpsor|phqw vkduhv ri h{hfxwlyhv
ulvh vxevwdqwldoo|/ zkhuhdv wkrvh ri fohunv idoo lq d vlplodu sursruwlrq1
Zh dovr ?qg wkdw wkh h{sruw vwdwxv ri ?upv sod|v d nh| uroh lq h{0
sodlqlqj oderxu pdunhw g|qdplfv/ dv h{sruwhuv dffrxqw iru prvw ri
erwk ghpdqg0uhodwhg dqg whfkqrorj|0uhodwhg vkliwv1 Ryhudoo/ rxu uh0
vxowv iru Lwdo| txhvwlrq wkh jhqhudo ydolglw| ri wkh frqyhqwlrqdo ylhz
wkdw hpskdvl}hv wkh uroh ri oderu pdunhw lqvwlwxwlrqv/ dv rssrvhg wr
wudgh dqg whfkqrorj|/ lq ghwhuplqlqj zdjh dqg hpsor|phqw g|qdplfv
lq frqwlqhqwdo Hxursh1
úZh wkdqn Ihghuphffdqlfd iru nlqgo| surylglqj wkh gdwd iru wklv vwxg|1 Zh duh lq0
ghewhg wr Lydq Eulr}}r iru h{fhoohqw uhvhdufk dvvlvwdqfh1 Dqguhd Jdyrvwr/ Urelq Qd|oru/
Jldppdufr Rwwdyldqr/ Ehqldplqr Txlqwlhul/ dv zhoo dv sduwhflsdqwv wr vhplqduv dw LJLHU0
Erffrql/ FUHQRV +Fdjoldul,/ surylghg xvhixo frpphqwv1
|Fruuhvsrqglqj dxwkru1 Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Erorjqd/ Vwudgd Pdj0
jlruh 78/ 73433/ Erorjqd/ Lwdo|1 Hpdlo= pdqdvvhCvser1xqler1lw
}Xqlyhuvlw| ri Plodq dqg Orqgrq Vfkrro ri Hfrqrplfv1 H0pdlo= vwdqfdCovh1df1xn
{Ghsw1 ri Hfrqrplfv/ Xqlyhuvlw| ri Ehujdpr/ Hpdlo= dohvvdqgur1wxuulqlCxql0erffrql1lw
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4 Lqwurgxfwlrq
Lq Frqdq Gr|oh*v 3Wkh Krxqg ri wkh Edvnhuyloohv4 +4<3405,/ Vkhuorfn Krophv
vxjjhvwv wkdw vrphwlphv wkh nh| wr vroylqj d p|vwhu| lv wr xqghuvwdqg zk|
vrphwklqj wkdw vkrxog kdyh kdsshqhg/ dfwxdoo| glg qrw kdsshq1 Lq wkdw fdvh/
wkh krxqg vkrxog kdyh edunhg dw wkh lqwuxghu/ exw lw glgq*w ehfdxvh lw zdv
idploldu zlwk wkh nloohu1 Lq wklv sdshu wkh 3p|vwhu|4 lv wkh iroorzlqj= zk|
glg wkh qrq0pdqxdo uhodwlyh zdjh dqg hpsor|phqw vkduhv uhpdlq yluwxdoo|
xqfkdqjhg lq Lwdo| lq wkh sdvw ghfdgh/ ghvslwh udslg whfkqlfdo fkdqjh dqg
wudgh lqwhjudwlrqB Xqohvv zh duh zloolqj wr dffhsw wkdw Lwdo| zdv xqd>hfwhg
e| wkh LW uhyroxwlrq ru e| joredol}dwlrq/ ru wkdw oderxu pdunhw 3uljlglw|4
dffrxqwhg iru wkh vwdelolw| ri erwk uhodwlyh zdjhv dqg hpsor|phqw vkduhv/
wkhuh lv d sx}}oh wr eh vroyhg1 Rxu vroxwlrq wr wkh sx}}oh kdv wzr sduwv1
Iluvw/ whfkqrorj| dqg ghpdqg vkrfnv dvvrfldwhg zlwk ghpdqg dqg h{sruwv
kdyh lqghhg d>hfwhg zdjh suhpld dqg idfwru sursruwlrqv/ exw wkh| kdyh dfwhg
lq rssrvlwh gluhfwlrqv/ wkxv odujho| r>vhwwlqj hdfk rwkhu1 Rq wkh rqh kdqg/
vnloo0eldvhg whfkqlfdo surjuhvv sod|hg/ txdolwdwlyho| dqg txdqwlwdwlyho|/ lwv
h{shfwhg uroh/ qdpho| lw udlvhg wkh uhodwlyh ghpdqg iru vnloohg oderu zlwklq
?upv1 Rq wkh rwkhu kdqg/ txlwh vxusulvlqjo|/ ghpdqg dqg wudgh uhodwhg
fkdqjhv uhgxfhg wkh uhodwlyh ghpdqg iru vnloov= hpsor|phqw vkliwhg wrzdugv
?upv surgxflqj xqvnloohg0lqwhqvlyh jrrgv/ r>vhwwlqj wkh h>hfw ri whfkqrorj|
xsrq idfwru sursruwlrqv dqg zdjh vkduhv14
Wkh vhfrqg sduw ri wkh h{sodqdwlrq lv wkdw wkh vwdelolw| ryhu wlph ri wkh
djjuhjdwh qrq0pdqxdo uhodwlyh zdjh dqg hpsor|phqw vkduh klghv d idoodf|
ri frpsrvlwlrq1 Zkhuhdv uhodwlyh zdjhv dqg hpsor|phqw vkduhv duh vwdeoh
iru wkh fodvv ri qrq0pdqxdo zrunhuv dv d zkroh/ wkh vdph grhv qrw dsso|
wr lwv lqglylgxdo frpsrqhqwv1 Lq rughu wr xqghuvwdqg zkdw kdsshqv zlwklq
wkh fodvv ri qrq pdqxdo zrunhuv/ zh glvdjjuhjdwh qrq0pdqxdo zrunhuv lqwr
fohunv +lpslhjdwl, dqg h{hfxwlyhv +txdgul,1 Zh ?qg wkdw wkh prghvw ryhudoo
fkdqjh lq wkh qrq0pdqxdo uhodwlyh zdjh dqg hpsor|phqw vkduh lv dq duwlidfw
ri djjuhjdwlrq/ dv lw uhvxowv iurp wzr odujh r>vhwwlqj irufhv= d ulvh lq wkh zdjh
suhpld dqg hpsor|phqw vkduhv ri h{hfxwlyhv/ dqg d fruuhvsrqglqj idoo lq wkh
zdjh suhpld dqg hpsor|phqw vkduhv ri fohunv1 Wkhvh ?qglqjv vxjjhvw wkdw
wudgh dqg whfkqrorj| kdyh kdg qrwlfhdeoh h>hfwv rq zdjh lqhtxdolw| dqg vnloo
xsjudglqj lq Lwdo| lq wkh sdvw ghfdgh1 Krzhyhu/ wkhvh h>hfwv kdg rssrvlwh
4Dv h{sodlqhg lq vhfwlrq 7/ rqh srvvleoh lqwhusuhwdwlrq ri wkh h>hfw ri wudgh uhvwv rq wkh
shfxoldu vshfldol}dwlrq sdwwhuq ri Lwdoldq phwdo0phfkdqlfdo ?upv1
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vljqv dqg odujho| r>vhw hdfk rwkhu1 Pruhryhu/ wkh ulvh lq zdjh lqhtxdolw| dqg
vnloo xsjudglqj pdlqo| rffxuuhg zlwklq wkh fdwhjru| ri qrq0pdqxdo zrunhuv
+wkdw lv/ ehwzhhq h{hfxwlyhv dqg fohunv, udwkhu wkdq ehwzhhq pdqxdo dqg
qrq0pdqxdo zrunhuv1
Lq dgglwlrq wr wkh vroxwlrq wr wkh sx}}oh/ wkh dqdo|vlv uhsruwhg lq wklv
sdshu vxjjhvwv wzr rwkhu lpsruwdqw frqfoxvlrqv1 Iluvw/ wkhuh lv hylghqfh wkdw
wkh h{sruw vwdwxv ri ?upv pdwwhuv vxevwdqwldoo| lq h{sodlqlqj oderu pdunhw
g|qdplfv lq wkh sdvw ghfdgh1 Lq sduwlfxodu/ h{sruwhuv dffrxqw iru prvw ri
erwk ghpdqg0uhodwhg dqg whfkqrorj|0uhodwhg g|qdplfv1 Zkloh oderu kdv ehhq
vkliwlqj wrzdugv orz0vnloo lqwhqvlyh h{sruwlqj ?upv/ wkhvh ?upv kdyh ehhq
wkrvh pruh dfwlyho| hqjdjhg lq vnloo0xsjudglqj1 Vhfrqg/ txlwh vxusulvlqjo|/
lqvwlwxwlrqdo idfwruv vxfk dv xqlrq srzhu dqg fhqwudol}hg edujdlqlqj gr qrw
vhhp wr d>hfw wkh g|qdplfv ri uhodwlyh idfwru sulfhv dqg vkduhv1 Ryhudoo/ wkh
uhvxowv ri rxu dqdo|vlv fdvw vhyhudo grxewv rq wkh ydolglw| ri wkh frqyhqwlrqdo
ylhz wkdw hpskdvl}hv wkh uroh ri oderu pdunhw lqvwlwxwlrqv/ dv rssrvhg wr
wudgh dqg whfkqrorj|/ lq ghwhuplqlqj zdjh dqg hpsor|phqw g|qdplfv lq
frqwlqhqwdo Hxursh1
Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 sodfhv wkh dqdo|vlv lq wkh
frqwh{w ri wkh olwhudwxuh1 Vhfwlrq 6 surylghv d eulhi ghvfulswlrq ri wkh gdwd vhw1
Lq vhfwlrq 7 zh suhvhqw wkh uhvxowv ri wkh ghfrpsrvlwlrq ri wkh fkdqjh lq wkh
qrq0pdqxdo vkduh ri wkh zdjh eloo lqwr lwv +zlwklq dqg ehwzhhq, hpsor|phqw
vkduh dqg uhodwlyh zdjh frpsrqhqwv1 Vhfwlrq 8 wdnhv d forvhu orrn dw wkh
pdqxdo0qrq pdqxdo fodvvl?fdwlrq/ e| h{whqglqj wkh dqdo|vlv wr wkh ixuwkhu
glvdjjuhjdwlrq ri qrq0pdqxdo zrunhuv lqwr fohunv dqg h{hfxwlyhv1 Lq vhfwlrq 9
zh xvh uhjuhvvlrq dqdo|vlv wr yhuli| li wkh lqwhusuhwdwlrq ri wkh ghfrpsrvlwlrqv
lq whupv ri whfkqrorj| dqg wudgh lv vxssruwhg e| wkh gdwd1 Wkh frqfoxglqj
vhfwlrq vxppdul}hv wkh uhvxowv dqg glvfxvvhv wkh pdlq lpsolfdwlrqv1
5 Wudgh/ whfkqrorj|/ dqg oderu pdunhw dg0
mxvwphqw
Wkh zlghqlqj ri vnloo suhpld dqg wkh ulvh ri wkh hpsor|phqw vkduh ri vnloohg
zrunhuv lq wkh sdvw wzr ghfdghv duh zhoo grfxphqwhg iru wkh XV +Ndw} dqg
Pxusk| +4<<5,/ Erxqg dqg Mrkqvrq +4<<5,/ Odzuhqfh dqg Vodxjkwhu +4<<6,/
Ehupdq/ Erxqg/ dqg Julolfkhv +4<<7,,/ dqg rwkhu RHFG frxqwulhv +Kdvnho
dqg Vodxjkwhu +5334d,/ Pdfklq/ Ehupdq/ dqg Erxqg +4<<;,/ Pdfklq dqg
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Ydq Uhhqhq +4<<;,/ Fdug/ Nudpdu}/ dqg Ohplhx{ +4<<;,,1 Ehfdxvh vnloo0
suhpld dqg hpsor|phqw vkduhv kdyh erwk ulvhq/ prvw vwxglhv kdyh irfxvhg
rq idfwruv xqghuo|lqj vkliwv lq wkh uhodwlyh ghpdqg iru vnloohg zrunhuv/ wudgh
dqg whfkqrorj| ehlqj wkh pdlq vxvshfwv +iru uhfhqw vxuyh|v rq wklv ghedwh
vhh h1j1 Kdvnho +5333,/ Vodxjkwhu +4<<;,/ +4<<<,,1
Wkh dujxphqw iru whfkqrorj| uxqv dv iroorzv= wkh frpsxwhu uhyroxwlrq/
e| irvwhulqj wkh uhodwlyh surgxfwlylw| ri pruh hgxfdwhg zrunhuv/ kdv ohg wr
kljkhu uhodwlyh ghpdqg iru vnloohg zrunhuv/ uhvxowlqj lq kljkhu zdjh suhpld
dqg hpsor|phqw vkduhv iru qrq0pdqxdo zrunhuv1 Wklv dujxphqw/ edvhg rq
wkh vnloo0eldv ri whfkqrorjlfdo fkdqjh/ lv frqvlvwhqw zlwk wkh revhuyhg LW0
lqgxfhg jurzwk lq surgxfwlylw| revhuyhg lq wkh XV15
Lqwhuqdwlrqdo wudgh fdq surgxfh vlplodu h>hfwv rq wkh oderu pdunhw wkurxjk
lqwhu0vhfwruldo ghpdqg vkliwv +vhh h1j1 Ulfkdugvrq +4<<8,/ Zrrg +4<<8, iru
uhfhqw vxuyh|v,1 Lqfuhdvhg wudgh zlwk +dqg lpsruw frpshwlwlrq iurp, ghyho0
rslqj frxqwulhv kdv orzhuhg surgxfw ghpdqg lq wkh Qruwk lq vhfwruv sur0
gxflqj xqvnloohg oderu0lqwhqvlyh jrrgv1 Dv uhvrxufhv kdyh vkliwhg wr vhfwruv
lqwhqvlyh ri vnloohg oderu/ wkh uhodwlyh ghpdqg iru pdqxdo zrunhuv kdv idoohq1
Wklv dujxphqw lv frqvlvwhqw zlwk wkh wuhqgv wrzdugv 3joredol}dwlrq4/ grfx0
phqwhg/ iru h{dpsoh/ e| wkh dffhohudwlrq ri wkh jurzwk ri wudgh lq jrrgv dqg
vhuylfhv lq wkh uhfhqw sdvw1
Wkh eurdg frqvhqvxv hphujlqj iurp wkh hpslulfdo olwhudwxuh/ jhqhudoo|
edvhg rq lqgxvwu| gdwd/ lv wkdw/ zkloh lqwhuqdwlrqdo wudgh glg dffrxqw iru vrph
ri wkh ulvh lq zdjh gl>huhqwldov/ prvw ri wkh dfwlrq zdv gxh wr vnloo eldvhg
whfkqlfdo surjuhvv +vhh h1j1 Ehupdq hw do1 +4<<7,,16 Wklv ylhz/ krzhyhu/
kdv ehhq fkdoohqjhg uhfhqwo| e| d qhz vwuhdp ri hpslulfdo uhvhdufk edvhg
rq sdqhov ri ?upv2sodqwv17 Lq sduwlfxodu/ Ehuqdug dqg Mhqvhq +4<<:, ?qg
wkdw wkh vkliwv lq uhodwlyh hpsor|phqw kdyh rffxuuhg pdlqo| ehwzhhq sodqwv
ehorqjlqj wr wkh vdph vhfwru +vhh dovr Ehuqdug dqg Mhqvhq +4<<8,,/ dqg wkhvh
fkdqjhv duh vwurqjo| dvvrfldwhg zlwk vkliwv lq surgxfw ghpdqg1 Wudgh vhhpv
5Lq d pxowlvhfwru shuvshfwlyh zlwk h{rjhqrxv jrrg sulfhv/ krzhyhu/ lw lv wkh vhfwru
udwkhu wkdq wkh idfwru eldv ri whfkqlfdo surjuhvv wkdw pdwwhuv +vhh Ohdphu +4<<;,/ exw dovr
Nuxjpdq +4<<8,/ Kdvnho +5333,/ Kdvnho dqg Vodxjkwhu +5334e,,1
6Wkh vdph frqfoxvlrq kdv ehhq uhdfkhg xvlqj erwk sulfh +h1j1 Ohdphu +4<<9,/ Ihhqvwud
dqg Kdqvrq +4<<9,, dqg yroxph +h1j1/ Erundv/ Iuhhpdq dqg Ndw} +4<<:,, gdwd wr fdswxuh
wkh h>hfw ri wudgh rq wkh oderu pdunhw1
7Prvw ri sodqw dqg ?up ohyho dqdo|vhv duh dlphg dw dvvhvvlqj wkh olqnv ehwzhhq h{sruwlqj
dfwlylw| dqg surgxfwlylw| +vhh/ h1j1/ Ehuqdug dqg Mhqvhq +4<<<, dqg Ehuqdug hw do1 +5333,,
ru wkh h{lvwhqfh ri ohduqlqj h>hfwv dvvrfldwhg zlwk wkh h{sruwv vwdwxv ri ?upv +vhh/ h1j1/
Fodulghv/ Odxfk dqg W|erxw +4<<;,,1
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wr kdyh sod|hg d pdmru uroh/ dv h{sruwhuv dffrxqw iru prvw ri wkh fkdqjhv lq
uhodwlyh zdjhv dqg idfwru vkduhv18 Wkh frqfoxvlrq lv wkdw vljql?fdqw g|qdplfv
rffxu dw wkh ohyho ri lqglylgxdo hvwdeolvkphqwv/ vr wkdw wkh hduolhu vwxglhv
zklfk xvh lqgxvwu| gdwd pd| kdyh vxevwdqwldoo| xqghuhvwlpdwhg wkh uroh ri
ghpdqg1
Lq frqwlqhqwdo Hxursh/ oderu pdunhw ghyhorsphqwv lq wkh sdvw wzr ghfdghv
kdyh ehhq pdunhgo| gl>huhqw iurp wkrvh revhuyhg lq wkh XV= uhodwlyh hduq0
lqjv kdyh uhpdlqhg uhodwlyho|  dw/ zkloh prvw ri wkh dgmxvwphqw vhhpv wr
kdyh wdnhq sodfh rq wkh txdqwlw| vlgh/ zlwk uhodwlyh xqhpsor|phqw udwhv iru
vnloohg zrunhuv idoolqj lq prvw frxqwulhv +vhh RHFG +4<<:,/ Iuhhpdq dqg
Ndw} +4<<9,,1 Wkh odfn ri dgmxvwphqw lq uhodwlyh zdjhv lq wkh idfh ri vxssrv0
hgo| shuydvlyh whfkqlfdo surjuhvv kdv ehhq jhqhudoo| dwwulexwhg wr wkh uljlglw|
ri Hxurshdq oderu pdunhwv1 Wkh frqyhqwlrqdo zlvgrp iru Hxursh lv wkdw/ gxh
wr oderu pdunhw lqvwlwxwlrqv +plqlpxp zdjhv/ klulqj dqg ?ulqj frvwv/ fhqwudo0
l}hg edujdlqlqj dqg xqlrq srzhu/ hwf1,/ xqhpsor|phqw udwhv kdyh wdnhq wkh
euxqw ri wkh idoolqj ghpdqg iru pdqxdo zrunhuv1 Lq rwkhu zrugv/ dffruglqj
wr wklv ylhz/ Hxurshdq oderu pdunhwv duh 3uljlg4/ vr wkdw uhodwlyh zdjhv gr
qrw dgmxvw/ qru ?upv duh deoh wr kluh ru ?uh zrunhuv1
Wkh hylghqfh rq wkh uroh ri whfkqrorj| dqg wudgh iru oderu pdunhw g|qdp0
lfv lq Lwdo| lv uhodwlyho| olplwhg1 Hulfnvrq dqg Lfklqr +4<<8, h{sorlw glvfxvv
wkh uroh ri oderu pdunhw lqvwlwxwlrqv lq fdxvlqj frpsuhvvhg zdjh gl>huhq0
wldov1 Txlqwlhul dqg Urvdwl +4<<8, dqg Txlqwlhul dqg Ihuudjlqd +4<<;, xvh
?up0ohyho gdwd wr glvfxvv wkh uhodwlrqvkls ehwzhhq h{sruw dfwlylw|/ surgxf0
wlylw| dqg shuirupdqfh/ zkloh Ghoo*Dulqjd dqg Oxflirud +4<<7, orrn dw d furvv
vhfwlrq ri phwdo0phfkdqlfdo ?upv wr glvfxvv wkh uroh ri wudgh xqlrqv lq di0
ihfwlqj hduqlqjv gl>huhqwldov19
Djdlqvw wklv edfnjurxqg/ zh suhvhqw vrph qhz hylghqfh rq wkh uroh ri
wudgh/ whfkqrorj| dqg oderu pdunhw lqvwlwxwlrqv iru vnloo xsjudglqj dqg zdjh
lqhtxdolw|/ edvhg rq gdwd iru Lwdoldq pdqxidfwxulqj ?upv gxulqj wkh plg0
qlqhwlhv1 Wkh ?upv lq rxu gdwd vhw ehorqj wr wkh phwdo0phfkdqlfdo vhfwru/
zklfk dorqh dffrxqwv iru pruh wkdq 73 shu fhqw ri pdqxidfwxulqj ydoxh dgghg
dqg 83 shu fhqw ri pdqxidfwxulqj h{sruwv/ dqg fdq eh uhdvrqdeo| wdnhq dv
uhsuhvhqwdwlyh ri wkh ghyhorsphqwv lq wkh pdqxidfwxulqj vhfwru lq Lwdo|1
8Iru d wkhruhwlfdo h{sodqdwlrq ri wklv hylghqfh vhh Pdqdvvh dqg Wxuulql +5334,1
9Vhh dovr Ghoo* Dulqjd dqg Oxflirud +5333, iru dq ryhuylhz ri wkh uroh ri lqvwlwxwlrq vlq
h{sodlqlqj d frpsuhvvhg zdjh vwuxfwxuh lq Lwdo|1
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6 Gdwd ghvfulswlrq
Wkh dqdo|vlv lv edvhg rq ?up0ohyho vxuyh| gdwd vhw froohfwhg e| Ihghuphf0
fdqlfd/ wkh hqwuhsuhqhxuv dvvrfldwlrq ri wkh Lwdoldq phwdo0phfkdqlfdo vhfwru1
Wkh vxuyh| fryhuv ?upv rshudwlqj lq phwdooxuj|/ phfkdqlfv/ yhklfohv frq0
vwuxfwlrqv dqg uhsdudwlrqv/ sodqw lqvwdoodwlrq dqg whfkqlfdo surmhfwv1 Urxjko|
93333 ?upv ehorqj wr wkh phwdo0phfkdqlfdo vhfwru/ hpsor|lqj derxw rqh dqg
d kdoi ploolrq zrunhuv lq |hdu 53331 Lq wkh vdph |hdu wkhvh ?upv dffrxqwhg
iru 73 shu fhqw ri ydoxh dgghg dqg 83 shu fhqw ri h{sruwv ri wkh ryhudoo Lwdoldq
pdqxidfwxulqj vhfwru1
Wkh sdqho fryhuv 5;6: ?upv/ revhuyhg ehwzhhq 4<<8 dqg 4<<:1: Derxw
hljkw| shu fhqw ri wkh ?upv lq wkh vdpsoh duh orfdwhg lq Qruwkhuq Lwdo|/ zkloh
4: dqg 5 shu fhqw duh orfdwhg/ uhvshfwlyho|/ lq Fhqwudo dqg Vrxwkhuq Lwdo|1
Wkh vxuyh| uhsruwv lqirupdwlrq rq hpsor|phqw dqg vdodulhv iru 49 fodvvhv ri
zrunhuv idoolqj lqwr wzr pdlq fdwhjrulhv= pdqxdo zrunhuv +wudlqhhv dqg sur0
gxfwlrq zrunhuv,/ dqg qrq0pdqxdo +fohunv dqg h{hfxwlyhv,1 Wkh gdwd vhw dovr
frqwdlqv lqirupdwlrq rq xqlrq dfwlylw|/ edujdlqlqj/ wxuqryhu/ uhyhqxhv/ rxw0
vrxuflqj/ h{sruwv dqg lqyhvwphqwv +vhh dovr Ghoo*Dulqjd dqg Oxflirud +4<<7,
iru d ghvfulswlrq ri wkh gdwd vhw,1
Zdjh suhpld dqg hpsor|phqw vkduhv kdyh ehhq uhodwlyho|  dw lq Lwdoldq
pdqxidfwxulqj lq wkh uhfhqw sdvw +vhh LVWDW +5333,/ RHFG +4<<:,/ Hulfnvrq
dqg Lfklqr +4<<8,,1 Wkh phwdo0phfkdqlfdo vhfwru lv qr h{fhswlrq= ehwzhhq
4<<3 dqg 4<<; wkh hpsor|phqw vkduhv ri pdqxdo dqg qrq0pdqxdo zrunhuv
zhuh vwdeoh durxqg 9619 dqg 6717 shu fhqw/ uhvshfwlyho| +vhh Ihghuphffdqlfd
+5333,,1 Wkhvh ihdwxuhv ri pdqxidfwxulqj dqg ri wkh phwdo0phfkdqlfdo vhfwru
duh pluuruhg lq rxu vdpsoh1 Wdeoh 4 suhvhqwv vxppdu| vwdwlvwlfv iru wkh
djjuhjdwh vkduh ri qrq0pdqxdo zrunhuv lq wkh zdjh eloo +ZEqZE, dqg lwv
frpsrqhqwv= wkh hpsor|phqw vkduh +HqH, dqg wkh uhodwlyh zdjh +ZqZ,1
Wkh vkduh ri qrq pdqxdo zrunhuv lq wkh zdjh eloo kdv ulvhq e| d prghvw 318 shu
fhqw ehwzhhq 4<<8 dqg 4<<:1 Dv iru lwv frpsrqhqwv/ wkh zdjh suhplxp kdv
ulvhq e| mxvw 31:(/ zkloh wkh qrq0pdqxdo hpsor|phqw vkduh kdv jrqh xs e|
416 shu fhqw1
Vxevwdqwldo yduldwlrq fdq eh revhuyhg lq vxe0vdpsohv edvhg rq ?upv* fkdu0
:Wkh dydlodeoh hylghqfh vxjjhvwv wkdw wkhvh zhuh wkh |hduv zkhq prvw ri lqqrydwlrq
dqg uhvwuxfwxulqj dfwlylw| kdv rffxuuhg wkh XV +Rolqhu dqg Vlfkho +5333,/ Mrujhqvrq dqg
Vwlurk +5333,/ Eodfn dqg O|qfk +5333,,1/ zkloh Lwdo| dqg Hxursh odjjhg d ihz |hduv +Gdyhul
+5334,, Lwdoldq lqyhvwphqw dqg h{sruwv/ krzhyhu/ zhuh exr|dqw ehwzhhq 4<<8 dqg 4<<:
+h{sruwv |hduo| jurzwk zdv 81;(,1
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dfwhulvwlfv vxfk dv vl}h/ jhrjudsklf orfdwlrq/ vhfwru/ h{sruw vwdwxv/ dqg wkh
uroh ri xqlrqv1 Wdeoh 4 vkrzv wkdw odujhu ?upv whqg wr kdyh d odujhu qrq0
pdqxdo zdjh0eloo vkduh/ dqg d odujhu zdjh suhplxp1; Wkh ihz ?upv orfdwhg
lq wkh Vrxwk duh w|slfdoo| odujhu dqg pruh lqwhqvlyh ri pdqxdo zrunhuv wkdq
wkrvh lq wkh uhvw ri Lwdo|1 Dyhudjh zdjhv +Z, duh voljkwo| orzhu lq wkh Vrxwk/
zkloh uhodwlyh zdjhv duh vlplodu dfurvv duhdv1< Wkhuh lv dovr pxfk yduldwlrq
dprqj lqglylgxdo vxe0vhfwruv1 Wkh prvw vnloo0lqwhqvlyh ?upv duh lq wkh Suh0
flvlrq dqg Hohfwurqlf Frpsrqhqwv1 Wkh| hpsor| rqh qrq0pdqxdo zrunhu
hyhu| wzr hpsor|hhv1 Wkh ohdvw vnloo0lqwhqvlyh ?upv duh lq wkh Wudqvsruw dqg
Phwdooxuj| vxe0vhfwru/ zlwk rqh qrq0pdqxdo zrunhu hyhu| irxu1
Lqwhuhvwlqjo|/ h{sruwhuv whqg wr sd| kljkhu zdjh suhpld wr qrq0pdqxdo
hpsor|hhv1 Rqh pd| vxvshfw wkdw wklv lv mxvw d uh hfwlrq ri wkh odujhu vl}h ri
h{sruwhuv ylv ã ylv qrq h{sruwhuv= wkh dyhudjh h{sruwhu hpsor|v 53; zrunhuv/
djdlqvw d ?jxuh ri 8616 iru qrq0h{sruwhuv1 \hw vl}h grhv qrw h{sodlq doo/ vlqfh
h{sruwlqj ?upv frqvlvwhqwo| sd| kljkhu suhpld zlwklq hdfk glphqvlrqdo fodvv
+vhh Wdeoh 5,143 Vpdoo dqg phglxp h{sruwhuv sd| d kljkhu zdjh suhplxp dqg
duh uhodwlyho| pruh vnloo0lqwhqvlyh1 Odujh h{sruwhuv/ frqyhuvho|/ duh uhodwlyho|
pruh lqwhqvlyh ri qrq0pdqxdo zrunhuv wkdq qrq0h{sruwhuv1
Dv h{shfwhg/ qrq0pdqxdo vkduhv ri hpsor|phqw dqg ri wkh zdjh eloo whqg
wr eh orzhu lq ?upv zkhuh xqlrqv duh suhvhqw dqg vwulnhv rffxu1 Wklv frq?upv
wkh ylhz wkdw xqlrqv dqg froohfwlyh edujdlqlqj whqg wr eh eldvhg lq idyrxu
ri pdqxdo0zrunhuv1 Djdlq/ wklv pd| vlpso| uh hfw d vl}h h>hfw= vwulnhv w|sl0
fdoo| rffxu lq odujhu ?upv +dyhudjh hpsor|phqw lv 678 lq ?upv zkhuh vwulnhv
kdyh rffxuuhg dw ohdvw rqfh/ dqg 9;1< lq ?upv zlwk qr vwulnhv,/ dqg wkdw lv
suhflvho| zkhuh xqlrqv duh vwurqjhu +dyhudjh hpsor|phqw lv 54714 lq ?upv
zlwk xqlrql}hg zrunhuv djdlqvw 4;1; lq ?upv zkhuh xqlrqv duh devhqw,1 \hw
djdlq/ dv vkrzq lq Wdeoh 5/ wklv h{sodqdwlrq grhv qrw ixoo| dffrxqw iru wkh
hylghqfh= wkh qhjdwlyh dvvrfldwlrq ehwzhhq zrunhuv* edujdlqlqj srzhu dqg
qrq0pdqxdo vkduhv krogv frqvlvwhqwo| zlwklq hdfk vl}h fodvv1 Wkh gdwd dovr
vxjjhvw wkdw xqlrqv gr qrw d>hfw wkh qrq0pdqxdo zdjh eloo e| frpsuhvvlqj
;E| gh?qlwlrq/ d Vpdoo ?up hpsor|v ohvv wkdq 58 zrunhuv/ d Phglxp ?up ehwzhhq 58
dqg 433/ dqg d Odujh pruh wkdq 4331 Dq H{sruwhu lv gh?qhg dv d ?up wkdw vklsv deurdg
d iudfwlrq ri dw ohdvw rqh shu fhqw ri wrwdo vdohv1
<Wklv frpsdulvrq pxvw eh pdgh zlwk fdxwlrq/ vlqfh gl>huhqw +dyhudjh, pdqxdo dqg
qrq0pdqxdo zdjhv pd| uh hfw d gl>huhqw frpsrvlwlrq zlwklq hdfk fdwhjru| +iru h{dpsoh/
pdqdjhuv dqg fohunv zlwklq qrq0pdqxdo zrunhuv,1
43Lw vkrxog eh qrwhg/ krzhyhu/ wkdw h{sruwhuv duh odujhu wkdq qrq h{sruwhuv zlwklq hdfk
vl}h fodvv1
:
zdjh gl>huhqwldov/ exw udwkhu e| udlvlqj eoxh0froodu hpsor|phqw1 Lq idfw/ zlwk
wkh h{fhswlrq ri Odujh ?upv/ wkh suhvhqfh ri vwulnhv dqg xqlrqv lv dvvrfldwhg
zlwk kljkhuc udwkhu wkdq orzhu/ zdjh suhpld1
7 Ilup0ohyho ghfrpsrvlwlrqv
Lq wklv vhfwlrq zh vkrz wkdw whfkqrorj| dqg wudgh h>hfwv rq oderu pdunhw
g|qdplfv kdyh lqghhg rffxuuhg/ dowkrxjk wkh| kdyh odujho| r>vhw hdfk rwkhu1
Iluvw zh ghfrpsrvh wkh ryhudoo fkdqjh lq wkh qrq0pdqxdo vkduh ri wkh zdjh
eloo lqwr wkh uhvshfwlyh frqwulexwlrqv ri wkh hpsor|phqw vkduh dqg wkh zdjh
suhplxp1 Wkhq zh vsolw hdfk ri wkhvh wzr frpsrqhqwv ixuwkhu/ lqwr wkhlu
uhvshfwlyh ehwzhhq dqg zlwklq frpsrqhqwv= wkh iruphu uh hfwv pryhphqwv
ehwzhhq gl>huhqw ?upv/ dqg wkh odwwhu fkdqjhv zlwklq wkh lqglylgxdo ?up1
Lw vkrxog eh revhuyhg wkdw wkh h{lvwlqj olwhudwxuh jhqhudoo| irfxvhv rq
wkh ehwzhhq0zlwklq ghfrpsrvlwlrqv rqo| iru wkh qrq0pdqxdo vkduh ri hp0
sor|phqw dqg iru wkh zdjh eloo +vhh h1j1 Ehupdq hw do1/ +4<<7,/ Ehuqdug dqg
Mhqvhq +4<<:,/ Pdfklq dqg Ydq Uhhqhq +4<<;,,1 Wkh vwdqgdug dssurdfk/ xq0
olnh rxuv/ surylghv rqo| lqgluhfw lqirupdwlrq rq pryhphqwv lq uhodwlyh zdjhv1
Ixuwkhpruh/ lw lv xqdeoh wr lghqwli| wkh uhvshfwlyh frqwulexwlrqv ri hpsor|0
phqw dqg zdjhv wr wkh fkdqjh lq wkh qrq0pdqxdo zdjh eloo vkduh1 Zh ?qg
rxu dssurdfk pruh lqwxlwlyh dqg lqirupdwlyh 44
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44Lq rughu wr doorz d frpsdulvrq zlwk wkh h{lvwlqj olwhudwxuh/ zh uhsruw uhvxowv iru rxu
dssurdfk +vhh wkh 4zhljkwhg4 ?jxuhv lq Wdeohv 609, dv zhoo dv iru wkh wudglwlrqdo rqh
+ vhh wkh 4xqzhljkwhg4 lq Wdeohv :043,1 Wkh Dsshqgl{ vshoov rxw wkh ghwdlov ri erwk
ghfrpsrvlwlrqv1
;
zkhuh { ghqrwhv wlph gl>huhqfhv/ dqg wkh xsshu edu ghqrwhv dq dyhudjh
ryhu wlph1 Wkh ?uvw whup rq wkh uljkw uhsuhvhqwv wkh djjuhjdwh fkdqjh lq
wkh zdjh suhplxp/ zhljkwhg e| wkh dyhudjh hpsor|phqw vkduh1 Wkh vhfrqg
whup uhsuhvhqwv wkh djjuhjdwh fkdqjh lq wkh qrq0pdqxdo hpsor|phqw vkduh/
zhljkwhg e| wkh dyhudjh uhodwlyh zdjh udwh1
Qrwh wkdw dq revhuyhg ulvh lq wkh hpsor|phqw vkduh ri qrq0pdqxdo zrun0
huv pd| eh gxh wr wzr vhsdudwh idfwruv= hlwkhu ?upv kdyh/ rq dyhudjh/ ehfrph
pruh vnloo0lqwhqvlyh +zlwklq h>hfw, ru hpsor|phqw kdv vkliwhg wrzdugv ?upv
surgxflqj vnloo0lqwhqvlyh jrrgv +ehwzhhq h>hfw,1 Vlploduo|/ d kljkhu qrq0
pdqxdo uhodwlyh zdjh pd| eh gxh hlwkhu wr wkh idfw wkdw lqglylgxdo ?upv
kdyh/ rq dyhudjh/ sdlg kljkhu vnloo suhpld +zlwklq h>hfw,/ ru wr wkh idfw wkdw
dyhudjh zdjhv kdyh jurzq pruh udslgo| lq ?upv sd|lqj uhodwlyho| kljkhu vnloo
gl>huhqwldov +ehwzhhq h>hfw,1 Lq rughu wr lqwhusuhw wkh revhuyhg pryhphqwv
lq wkh ryhudoo uhodwlyh zdjh dqg hpsor|phqw vkduhv/ zh wkhuhiruh ghfrpsrvh
wkh wzr whupv rq wkh uljkw kdqg vlgh ri htxdwlrq +4, lqwr wkhlu ehwzhhq dqg
zlwklq frpsrqhqwv1 Wkh +zhljkwhg, fkdqjh lq wkh qrq0pdqxdo hpsor|phqw
vkduh fdq eh zulwwhq dv iroorzv=
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lv wkh hpsor|phqw vkduh ri ?up l1 Wkh ?uvw whup rq wkh uljkw kdqg
vlgh lv wkh fkdqjh lq wkh qrq0pdqxdo hpsor|phqw vkduh wkdw lv dwwulexwdeoh
wr wkh fkdqjh lq wkh ?upv* idfwru sursruwlrqv/ å ð? c nhhslqj frqvwdqw wkhlu
uhodwlyh vl}h1 Wklv uh hfwv vkliwv lq idfwru lqwhqvlw| zlwklq ?upv +Hzlw,1 Lw lv
srvlwlyh li/ rq dyhudjh/ ?upv kdyh vxevwlwxwhg dzd| iurp xqvnloohg wrzdugv
vnloohg zrunhuv1 Wkh vhfrqg whup jlyhv wkh sduw ri wkh wrwdo fkdqjh wkdw
lv dwwulexwdeoh wr wkh fkdqjh lq ?upv* uhodwlyh vl}h +wkh fkdqjh lq wkh hp0
sor|phqw vkduh/ 7ð,/ nhhslqj hdfk ?up*v idfwru sursruwlrqv frqvwdqw dw wkh
shulrg*v dyhudjhv1 Wklv uh hfwv hpsor|phqw vkliwv ehwzhhq ?upv +Hehw,1 Lw lv
srvlwlyh li hpsor|phqw kdv/ rq dyhudjh/ vkliwhg wrzdugv vnloo0lqwhqvlyh ?upv1
Vlploduo|/ wkh +zhljkwhg, fkdqjh lq wkh qrq0pdqxdo uhodwlyh zdjh fdq eh
ghfrpsrvhg dv iroorzv=
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lv wkh dyhudjh
zdjh dw ?up l uhodwlyh wr wkh dyhudjh hfrqrp|0zlgh zdjh1 Wkh ?uvw whup
rq wkh uljkw kdqg vlgh ri wkh deryh h{suhvvlrq lv wkh fkdqjh lq qrq0pdqxdo
uhodwlyh zdjh wkdw lv dwwulexwdeoh wr wkh pryhphqw lq wkh ?upv* zdjh suhpldc
nhhslqj frqvwdqw wkhlu dyhudjh zdjh1 Wklv lv wkh zdjh zlwklq frpsrqhqw
+Zzlw,/ dqg lw lv srvlwlyh zkhq/ rq dyhudjh/ ?upv sd| odujhu suhpld1 Wkh
vhfrqg whup lv wkh frpsrqhqw wkdw lv dwwulexwdeoh wr wkh fkdqjh lq ?upv*
dyhudjh zdjh udwh/ nhhslqj hdfk ?up*v zdjh suhplxp frqvwdqw1 Wklv lv wkh
ehwzhhq frpsrqhqw +Zehw,/ dqg lw lv srvlwlyh li/ rq dyhudjh/ zdjhv ulvh idvwhu
lq ?upv wkdw sd| kljkhu zdjh suhpld1
Vxpplqj xs/ zlwklq0?up frpsrqhqwv suhvxpdeo| uh hfw idfwru0vshfl?f
vkrfnv/ vxfk dv d fkdqjh lq wkh uhodwlyh surgxfwlylw| ri vnloohg zrunhuv gxh wr
vnloo0eldvhg whfkqlfdo surjuhvv1 Ehwzhhq frpsrqhqwv uh hfw ?up dqg vhfwru0
vshfl?f vkrfnv dowhulqj uhodwlyh pdunhw vkduhv ru dyhudjh zdjh udwhv1 Wkhvh
pd| ruljlqdwh rq hlwkhu wkh ghpdqg vlgh +h1j1/ fkdqjhv lq frqvxphu wdvwhv/
wudgh, ru wkh vxsso| vlgh +h1j1/ vhfwru0eldvhg whfkqlfdo fkdqjh,1
Wkh uhvxowv ri wkh ghfrpsrvlwlrq ri htxdwlrqv +406, duh suhvhqwhg lq Wdeoh
6145 Orrnlqj ?uvw dw wkh fkdqjh lq uhodwlyh hpsor|phqw +Hwrw,/ wklv dsshduv
wr eh yhu| vpdoo ryhu wkh shulrg +dq devroxwh fkdqjh ri 313<,1 Lqwhuhvwlqjo|/
krzhyhu/ wkh yluwxdo devhqfh ri fkdqjh lq idfwru sursruwlrqv lv wkh uhvxow ri
wzr r>vhwwlqj irufhv= d 3193 ulvh zlwklq ?upv +Hzlw,/ dqg d kdoi shufhqw idoo lq
wkh ehwzhhq frpsrqhqw +Hehw,1 Wklv vxjjhvwv/ rq wkh rqh kdqg/ wkdw Lwdoldq
pdqxidfwxulqj ?upv kdyh udlvhg wkh sursruwlrq ri qrq pdqxdo hpsor|hhv dw
d vshhg frpsdudeoh zlwk wkdw ri wkh XV +vhh Ehuqdug dqg Mhqvhq +4<<:,,/
exw/ rq wkh rwkhu kdqg/ wkdw hpsor|phqw kdv vkliwhg wrzdugv ?upv surgxf0
lqj xqvnloohg0lqwhqvlyh jrrgv146 Wkhvh ?jxuhv frqwudvw txlwh pdunhgo| zlwk
wkh hylghqfh irxqg iru wkh XV dqg wkh XN/ zkhuh erwk idfwruv frqwulexwh
srvlwlyho| wr wkh ryhudoo pryhphqw lq idfwru sursruwlrqv1 Wklv/ zh eholhyh/
lv dq lpsruwdqw ?qglqj/ dqg lw khosv wr h{sodlq wkh dssduhqw uljlglw| ri wkh
oderu pdunhw1
Rqh srvvleoh h{sodqdwlrq iru wkh frxqwhu0lqwxlwlyh h>hfw ri wudgh uhvwv rq
45Froxpqv 4 wr 6 ri Wdeoh 6 uhsurgxfh/ lq whupv ri devroxwh fkdqjhv/ wkh pryhphqwv
lq uhodwlyh hpsor|phqw dqg zdjhv uhsruwhg lq Wdeoh 41 Khuh/ krzhyhu/ d vpdoohu vdpsoh
ri ?upv lv frqvlghuhg +wkrvh wkdw duh vxuyh|hg lq 4<<8 dqg 4<<:,1
46Dq lqwhuhvwlqj looxvwudwlrq ri wklv vxusulvlqj h>hfw lv jlyhq e| wkh Hohfwurqlf Frp0
srqhqwv dqg Pdfklqhu| vxe0vhfwruv1 Wkh iruphu/ d vnloo0lqwhqvlyh lqgxvwu|/ h{shulhqfhv d
odujh idoo lq wkh hpsor|phqw vkduh +vhh wkh qhjdwlyh ehwzhhq frpsrqhqw ri Wdeoh 6,/ zkloh
wkh odwwhu/ d uhodwlyho| xqvnloohg0lqwhqvlyh vhfwru/ d ulvh1
43
wkh vshfldol}dwlrq sdwwhuq ri Lwdoldq ?upv lq yhuwlfdo lqwud0lqgxvwu| wudgh1
Zkloh lw lv zhoo grfxphqwhg wkdw Lwdoldq ?upv vshfldol}h lq kljk0txdolw|/
kljk0vnloo vhjphqwv lq wudglwlrqdo vhfwruv +dssduho/ irrwzhdu,/ wkhuh lv hyl0
ghqfh vkrzlqj wkdw lq rwkhu vhfwruv/ pdunhgo| lq phfkdqlfdo surgxfwlrqv/
Lwdoldq h{sruwv duh frqfhqwudwhg lq uhodwlyho| kljko| vwdqgdugl}hg vhjphqwv
+Gh Qduglv dqg Wudü +4<<<,/ Fklduorqh/ +5334,,147 Dv d frqvhtxhqfh/ wudgh
vkrfnv wkdw pdjqli| wkh uhodwlyh pdunhw vkduh ri h{sruw0rulhqwhg ?upv pd|
kdyh frqwulexwhg wr nhhs d uhodwlyho|  dw vwuxfwxuh ri hduqlqjv dfurvv vnloo
ohyhov1 Dovr/ uhfdoo wkdw Lwdo|*v frpsdudwlyh dgydqwdjh kdv wr eh jdxjhg zlwk
uhvshfw wr lwv pdlq wudglqj sduwqhuv +prvwo| Hxurshdq,/ udwkhu wkdq wr wkh
3zruog4 dw odujh1
Wdeoh 6 dovr uhsruwv wkh frqwulexwlrq ri h{sruwhuv dqg qrq0h{sruwhuv wr
ryhudoo fkdqjhv1 Lqwhuhvwlqjo|/ h{sruwhuv dffrxqw glvsursruwlrqdwho| iru erwk
wkh +qhjdwlyh, ehwzhhq dqg wkh +srvlwlyh, zlwklq0?up fkdqjhv1 Surylghg zh
fdq dwwulexwh wkh iruphu wr surgxfw ghpdqg vkliwv dqg wkh odwwhu wr whfk0
qrorj|/ h{sruwhuv vhhp wr kdyh lqqrydwhg pruh/ dqg ghpdqg vhhpv wr kdyh
vkliwhg wrzdugv xqvnloohg oderu0lqwhqvlyh h{sruwv1 Qrwh wkdw/ dv vkrzq lq Wd0
eoh 7/ wkh glvsursruwlrqdwh frqwulexwlrq ri h{sruwhuv wr erwk frpsrqhqwv lv
frq?uphg zlwklq hdfk vl}h fodvv/ zlwk wkh h{fhswlrq ri vpdoo ?upv1 Wkxv/ dv
lq Ehuqdug dqg Mhqvhq +4<<:,/ wudgh vhhpv wr sod| d fuxfldo/ doehlw uhyhuvhg/
uroh lq d>hfwlqj idfwru sursruwlrqv1 Ilqdoo|/ orrnlqj dw wkh uroh ri oderu lq0
vwlwxwlrqv/ oderu frq lfw vhhpv wr pdjqli| wkh hpsor|phqw vkliw dzd| iurp
vnloohg0lqwhqvlyh ?upv1 Dovr/ ohvv frq lfw dsshduv wr eh frqgxflyh wr pruh
lqqrydwlrq uhvxowlqj lq pruh vnloo0xsjudglqj1
Frqvlghu qrz wkh fkdqjh lq wkh zdjh suhplxp1 Wklv dprxqwv wr d irxuwk
ri d shufhqwdjh srlqw ryhudoo/ dqg lv doprvw htxdoo| glylghg ehwzhhq wkh
wzr frpsrqhqwv= d ulvh ri zlwklq0?up gl>huhqwldov/ dqg d vkliw lq zdjhv
wrzdugv ?upv sd|lqj odujhu suhpld1 Dovr lq wklv uhvshfw/ h{sruwhuv dqg qrq
h{sruwhuv suhvhqw txlwh d gl>huhqw slfwxuh= rqo| lq h{sruwlqj ?upv zh revhuyh
d zlghqlqj ri wkh vsuhdg/ dv wkh zdjh zlwklq frpsrqhqwv duh 3147 dqg 3134
iru h{sruwhuv dqg qrq0h{sruwhuv/ uhvshfwlyho|1
Lw lv lqwhuhvwlqj wr revhuyh wkdw wkh hpsor|phqw dqg zdjh ehwzhhq frp0
srqhqwv kdyh rssrvlwh vljqv/ qhjdwlyh wkh iruphu dqg srvlwlyh wkh odwwhu/
vr wkdw hpsor|phqw kdv vkliwhg wrzdug xqvnloohg0lqwhqvlyh ?upv/ exw zdjhv
47Wkhuh lv dovr hylghqfh vkrzlqj wkdw yhuwlfdo lqwud0lqgxvwu| wudgh lv uhohydqw dqg jurz0
lqj dfurvv Hxurshdq frxqwulhv +vhh/ h1j1/ Juhhqdzd|/ Klqh dqg Ploqhu +4<<7, dqg Irqwdjqë/
Iuhxghqehuj dqg Shulg| +4<<:,/ +4<<;,,1
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wrzdug kljk suhplxp ?upv1 Wkh h{sodqdwlrq ri wklv dssduhqw frqwudglfwlrq
lv wkdw/ lq rxu vdpsoh/ xqvnloohg0lqwhqvlyh ?upv sd|/ rq dyhudjh/ kljkhu zdjh
suhpld/ vr wkdw ghpdqg vkliwv wrzdugv wkhvh ?upv uhvxow lq d ulvh lq wkh zdjh
suhplxp1
Vxpplqj xs/ whfkqlfdo surjuhvv dsshduv wr kdyh errvwhg wkh uhodwlyh
surgxfwlylw| ri qrq0pdqxdo zrunhuv/ uhvxowlqj lq erwk d odujhu hpsor|phqw
vkduh ri vnloohg oderu dqg lq d kljkhu zdjh suhplxp/ dqg sduwlfxoduo| vr
dprqj h{sruwhuv1 Frqyhuvho|/ wkh hpsor|phqw ehwzhhq frpsrqhqw vxjjhvw
wkdw ghpdqg kdv vkliwhg wrzdugv xqvnloohg0lqwhqvlyh ?upv/ dqg lq sduwlfxodu/
wrzdugv h{sruwhuv1
8 D ?qhu ghfrpsrvlwlrq
Lq wklv vhfwlrq zh glvdjjuhjdwh wkh fodvv ri qrq0pdqxdo zrunhuv lqwr h{hfx0
wlyhv +txdgul, dqg fohunv +lpslhjdwlä/ dqg h{dplqh wkhlu uhvshfwlyh frqwulex0
wlrqv wr wkh pryhphqwv suhylrxvo| dqdo|}hg1 H{hfxwlyhv dqg fohunv w|slfdoo|
shuirup udwkhu gl>huhqw wdvnv/ vr wkdw zh fdq h{shfw d gl>huhqw ghjuhh ri
vxevwlwxwdelolw| zlwk pdqxdo zrunhuv1 Lq sduwlfxodu/ ghpdqg fkdqjhv dfurvv
?upv dv zhoo dv whfkqrorjlfdo lqqrydwlrqv pd| d>hfw wkhvh wzr jurxsv lq d
gl>huhqw zd|/ vr wkdw rqh vxvshfwv wkdw wkh vwdqgdug djjuhjdwlrq lqwr d vlqjoh
fdwhjru| pd| klgh dq lpsruwdqw hohphqw ri khwhurjhqhlw|1 Wkh pdlq ?qglqj
ri wklv vhfwlrq lv wkdw zlwklq fkdqjhv lq uhodwlyh zdjhv dqg hpsor|phqw/ wkrvh
uhodwhg wr whfkqlfdo surjuhvv/ kdyh prvwo| rffxuuhg ehwzhhq h{hfxwlyhv dqg
fohunv/ udwkhu wkdq ehwzhhq pdqxdo dqg qrq0pdqxdo zrunhuv1
Ohw*v frqvlghu hpsor|phqw ?uvw/ dqg vhsdudwh qrq0pdqxdo hpsor|phqw
dw ?up ð lqwr wzr fodvvhv= .ð? ' .
ð
?
n .ð?2 1 Wkh +zhljkwhg, fkdqjh ri wkh
qrq0pdqxdo hpsor|phqw vkduh + vhh +5,, fdq wkhq eh zulwwhq dv iroorzv +vhh
wkh dsshqgl{ iru ghwdlov,=
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zkhuh .çð|æ uhsuhvhqwv wkh zlwklq fkdqjh lq wkh qrq0pdqxdo hpsor|phqw
vkduh wkdw lv dwwulexwdeoh wr fodvv æ/ dqg .Ke|æ jlyhv wkh sduw ri wkh ehwzhhq
fkdqjh lq wkh qrq0pdqxdo hpsor|phqw vkduh wkdw lv dwwulexwdeoh wr fodvv æ1
Vlploduo|/ wkh zhljkwhg fkdqjh lq wkh qrq0pdqxdo uhodwlyh zdjh +htxdwlrq 6,
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fdq eh zulwwhq dv iroorzv=
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Wkh uhvxowv ri wkhvh ghfrpsrvlwlrqv/ suhvhqwhg lq Wdeoh 8/ duh vwulnlqj1 Orrn0
lqj dw wkh glvdjjuhjdwlrq ri wkh hpsor|phqw vkduh/ zh revhuyh wkdw wkh vwd0
eoh sursruwlrq ri qrq0pdqxdo yhuvxv pdqxdo hpsor|hhv klghv d odujh ulvh
lq wkh vkduh ri h{hfxwlyhv + .31:(, doprvw h{dfwo| r>vhw e| d idoo ri wkh
fohunv* frqwulexwlrq1 Wkhvh frqwudvwlqj pryhphqwv duh odujho| dwwulexwdeoh
wr wkh çð|ûð? frpsrqhqwv1 Srvvleo| gxh wr whfkqrorjlfdo fkdqjh/ ?upv kdyh
vxevwlwxwhg dzd| iurp fohunv +03185(, dqg wrzdugv kljko|0vnloohg zrunhuv
+.4144(,1 Lw lv lqwhuhvwlqj wr qrwh wkdw wklv h>hfw lv txdqwlwdwlyho| odujhu wkdq
wkh +zlwklq0?up, vxevwlwxwlrq iurppdqxdo wr qrq0pdqxdo zrunhuv irxqg hdu0
olhu1
Wxuqlqj wr wkh hpsor|phqw ehwzhhq fkdqjhv/ zh revhuyh wkdw h{hfxwlyhv
dffrxqw iru wkh odujhvw sduw ri wkh idoo ri wklv frpsrqhqw1 Wklv phdqv wkdw wkh
vkliw wrzdugv xqvnloohg0lqwhqvlyh jrrgv kdv prvwo| shqdol}hg ?upv surgxflqj
h{hfxwlyh0lqwhqvlyh surgxfwv +frpsduh wkh hpsor|phqw ehwzhhq hqwulhv iru
h{hfxwlyhv dqg fohunv,1 Lw lv lqwhuhvwlqj wr revhuyh wkdw h{sruwhuv dffrxqw
iru prvw ri wkh hpsor|phqw ehwzhhq fkdqjhv iru erwk vxe0fdwhjrulhv1 Dovr/
h{sruwhuv kdyh ehhq pruh dfwlyh wkdq qrq0h{sruwhuv lq vnloo0xsjudglqj e|
vxevwlwxwlqj dzd| iurp fohunv wrzdugv h{hfxwlyhv +frpsduh wkh hpsor|phqw
zlwklq hqwulhv iru h{sruwhuv dqg qrq h{sruwhuv,1
Wkh uhvxowv iru wkh fkdqjhv lq zdjh suhpld duh hyhq pruh vwulnlqj1 Wkh|
vxjjhvw wkdw wkh uhodwlyh zdjh uljlglw| lq wkh idfh ri whfkqrorj| vkrfnv lv
phuho| dq duwlidfw ri djjuhjdwlrq1 Wkh prghvw 3159( ulvh lq wkh zdjh suh0
plxp lv wkh uhvxow ri wzr rssrvlwh irufhv= d yhu| odujh ulvh lq wkh suhplxp
ri h{hfxwlyhv ryhu wkh dyhudjh zdjh udwh/ 31<9(/ dqg d odujh idoo lq wkh suh0
plxp iru fohunv +031:4(,1 Lqwhuhvwlqjo|/ wkh ulvh lq zdjh lqhtxdolw| lv prvwo|
dffrxqwhg iru e| h{sruwlqj/ odujh/ qruwkhuq ?upv1
Lq rughu wr idflolwdwh wkh frpsdulvrq zlwk wkh olwhudwxuh/ lq Wdeoh < zh
dovr uhsruw wkh uhvxowv iru wkh vwdqgdug ghfrpsrvlwlrqv +h1j1 qrw zhljkwhg e|
hpsor|phqw/ vhh wkh Dsshqgl{,1 Wkhvh uhvxowv duh hyhq vwurqjhu= wkh uhodwlyh
zdjh ri h{hfxwlyhv ulvhv e| 8137 shu fhqw dqg wkdw ri fohunv idoov e| 7178 shu
fhqw1
Wkhvh ?qglqjv vxssruw wkh frqfoxvlrq wkdw whfkqrorj|0uhodwhg fkdqjhv
kdyh lqghhg rffxuuhg lq Lwdo| dqg kdyh kdg qrwlfhdeoh frqvhtxhqfhv rq erwk
idfwru sulfhv dqg idfwru vkduhv1 Krzhyhu/ wkh ulvh lq zdjh lqhtxdolw| dqg
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wkh vnloo xsjudglqj wkdw duh dwwulexwdeoh wr whfkqrorj| kdyh rffxuuhg zlwklq
qrq0pdqxdo zrunhuv/ udwkhu wkdq ehwzhhq pdqxdo dqg qrq0pdqxdo zrunhuv148
9 Lqwhusuhwlqj wkh frpsrqhqwv
Vr idu zh kdyh orrvho| lqwhusuhwhg wkh zlwklq dqg ehwzhhq frpsrqhqwv dv
sur{lhv iru whfkqrorj| dqg ghpdqg vkrfnv/ uhvshfwlyho|1 Lq wklv vhfwlrq zh
surylgh d whvw ri wkh ohjlwlpdf| ri wklv lqwhusuhwdwlrq1 Zh uhjuhvv wkh hp0
sor|phqw dqg zdjh ehwzhhq dqg zlwklq frpsrqhqwv rq d qxpehu ri yduldeohv
wkdw duh lqwhqghg wr fdswxuh ghpdqg/ wudgh/ dqg whfkqrorj| vkrfnv d>hfwlqj
lqglylgxdo ?upv1 Li rxu lqwhusuhwdwlrq lv fruuhfw/ zlwklq fkdqjhv vkrxog eh
vljql?fdqwo| fruuhodwhg wr whfkqrorj| exw qrw wr ghpdqg yduldeohv/ zkloh wkh
frqyhuvh vkrxog eh wuxh iru ehwzhhq fkdqjhv1
Dv lqglfdwruv ri ghpdqg vkrfnv/ zh xvh wkh fkdqjh lq wkh udwlr ri d ?up*v
vdohv ryhu wrwdo vdohv/ dqg zh vsolw wklv yduldeoh lqwr lwv grphvwlf +Grpvdoh,
dqg iruhljq +Iruvdoh, frpsrqhqwv1 Lq rughu wr fdswxuh whfkqrorjlfdo fkdqjh
dqg lqqrydwlrq dfwlylw| rffxuulqj dw ?up ohyho/ zh xvh wkh dyhudjh +4<<80<:,
udwlr ri lqyhvwphqw ryhu vdohv/ frqvlghulqj vhsdudwho| lwv wkuhh frpsrqhqwv1
Wkh ?uvw/ Lqyqhz/ lv wkh vkduh ri lqyhvwphqw iru wkh surgxfwlrq ri qhz surg0
xfwv= wklv lv vxssrvhg wr fdswxuh 3surgxfw4 lqqrydwlrq1 Wkh vhfrqg/ Lqyulv
lv wkh vkduh ri lqyhvwphqw iru uhvwuxfwxulqj dqg uhfrqyhuwlqj h{lvwlqj sur0
gxfwlrq olqhv/ suhvxpdeo| fdswxulqj 4surfhvv4 lqqrydwlrq1 Ilqdoo|/ Lqydps
phdvxuhv rxwod|v iru phuho| hqodujlqj h{lvwlqj surgxfwlrq olqhv1 Wklv yduldeoh
lv pruh gl!fxow wr lqwhusuhw dv d sur{| iru whfkqrorjlfdo fkdqjh/ dv lw pd|
htxdoo| sodxvleo| uh hfw h{shfwdwlrqv ri jurzlqj ghpdqg1 Zh dovr lqfoxgh
wkh fkdqjh lq wkh ?up*v uhyhqxh shu hpsor|hh/ Vdohsz/ lq rughu wr dffrxqw
iru idfwruv d>hfwlqj fkdqjhv lq surgxfwlylw|1
Oderu pdunhw lqvwlwxwlrqv duh dffrxqwhg iru e| d vhulhv ri gxpp| ydul0
deohv wkdw frqwuro iru wkh suhvhqfh2devhqfh ri xqlrql}hg zrunhuv lq wkh ?up/
wkh uroh ri wkh xqlrq lq orfdo edujdlqlqj/ dqg wkh rffxuuhqfh2qrw rffxuuhqfh
ri vwulnhv1 Ilqdoo|/ zh hpsor| d gxpp| yduldeoh iru rxwvrxuflqj +zklfk pd|
eh uhohydqw li ?upv rxwvrxufh wkh prvw xq0vnloohg lqwhqvlyh skdvhv ri surgxf0
wlrq,/ d sur{| ri jhrjudsklfdo orfdwlrq +wkh qxpehu ri ?upv rshudwlqj lq wkh
vdph duhd frgh,/ vl}h +vpdoo/ phglxp/ odujh,/ dqg vxe0vhfwruv +dv ghvfulehg
lq Wdeoh 4,1
48Hylghqfh vxssruwlqj wkh ylhz wkdw zdjh glvshuvlrq lq Lwdo| kdv ehhq jurzlqj hvshfldoo|
zlwklq vnloov lv surylghg dovr lq rwkhu vwxglhv/ vhh/ h1j1 Fdsshoodul +5333,1
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Wdeoh 9 uhsruwv ROV hvwlpdwhv ri wkh htxdwlrqv iru wkh zdjh eloo vkduh/
dqg wkh uhvshfwlyh frqwulexwlrqv ri wkh hpsor|phqw udwlr dqg wkh zdjh suh0
plxp1 Wkh ehwzhhq fkdqjh lq uhodwlyh hpsor|phqw/ Hehw lv srvlwlyho| dqg
vljql?fdqwo| fruuhodwhg wr grphvwlf +Grpvdoh, dqg iruhljq +Iruvdoh, vdohv
jurzwk/ zlwk wkh frh!flhqw iru wkh odwwhu odujhu wkdq wkdw iru wkh iruphu1
Rxu sur{lhv iru surgxfw dqg surfhvv lqqrydwlrq +Lqyqhz dqg Lqyulvw,/ dv h{0
shfwhg/ duh qrw vwdwlvwlfdoo| vljql?fdqw1 Frqyhuvho|/ wkh zlwklq hpsor|phqw
fkdqjh/ Hzlw/ lv srvlwlyho| dqg vljql?fdqwo| d>hfwhg e| surgxfw lqqrydwlrq
dqg e| rxu sur{| iru surgxfwlylw| jurzwk +Vdohsz,1 Wklv sdwwhuq eurdgo|
vxssruwv rxu pdlqwdlqhg dvvxpswlrq wkdw ghpdqg2wudgh rq wkh rqh kdqg/
dqg whfkqrorj|/ rq wkh rwkhu/ olh ehklqg ehwzhhq dqg zlwklq hpsor|phqw
fkdqjhv/ uhvshfwlyho|1
Wkh uhvxowv iru zdjh suhpld duh ohvv fohdu0fxw1 Grphvwlf dqg iruhljq
vdohv duh vljql?fdqw lq erwk ehwzhhq dqg zlwklq zdjh htxdwlrqv1 Wkh qhjd0
wlyh h>hfw rq wkh ehwzhhq zdjh frpsrqhqw frxog eh lqwhusuhwhg dv d uhyhuvh
fdxvdwlrq= ?upv zkr pdqdjh wr uhgxfh wkhlu dyhudjh zdjh jdlq lq frpshw0
lwlyhqhvv dqg lqfuhdvh wkhlu pdunhw vkduh1 D srvvleoh lqwhusuhwdwlrq ri wkh
srvlwlyh h>hfw rq wkh zlwklq frpsrqhqw lv wkh 3vxshuvwdu4 h>hfw iru h{sruwhuv
glvfxvvhg lq Pdqdvvh dqg Wxuulql +5334,1
Wkh htxdwlrqv iru wkh qrq0pdqxdo vkduh ri wkh zdjh eloo suhvhqw d vlplodu
sdwwhuq wr wkh hpsor|phqw htxdwlrqv= grphvwlf dqg iruhljq vdohv d>hfw srvl0
wlyho| dqg vljql?fdqwo| wkh ehwzhhq frpsrqhqw1 Lqyhvwphqw lq sodqw iru qhz
surgxfwv lv srvlwlyh dqg pdujlqdoo| vljql?fdqw iru erwk ehwzhhq dqg zlwklq
frpsrqhqwv1
Lqwhuhvwlqjo|/ wkh sur{lhv iru oderu pdunhw lqvwlwxwlrqv/ wudgh/ orfdwlrq/
dqg lqgxvwu|/ duh qhyhu vljql?fdqw lq wkh uhodwlyh hpsor|phqw dqg zdjh htxd0
wlrqv= wkh vwdqgdug sur{lhv iru oderu pdunhw uljlglwlhv gr qrw vhhp wr vorz
grzq ?upv* dgmxvwphqw ri uhodwlyh idfwru sursruwlrqv dqg sulfhv1
Lw vkrxog eh qrwhg wkdw wkh uhvxowv iru vlplodu uhjuhvvlrqv iru wkh xq0
zhljkwhg frpsrqhqwv/ uhsruwhg lq Wdeoh 43/ frq?up wkh sdwwhuq ghvfulehg
iru wkh zhljkwhg frpsrqhqwv149 Ryhudoo wkhvh uhvxowv/ sduwlfxoduo| wkrvh iru
wkh g|qdplfv ri hpsor|phqw/ duh vxssruwlyh ri rxu lqwhusuhwdwlrq wkdw eh0
wzhhq dqg zlwklq frpsrqhqwv duh dvvrfldwhg zlwk ghpdqg dqg whfkqrorj|
vkrfnv1
49Qrwh dovr wkdw wkh uhvxowv ri Wdeohv 9 dqg 43 duh txdolwdwlyho| dqg txdqwlwdwlyho|
vlplodu wr wkrvh uhsruwhg lq wkh olwhudwxuh +vhh h1j1 Ehuqdug dqg Mhqvhq +4<<:,,1
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: Frqfoxvlrqv
Lq wklv sdshu zh kdyh suhvhqwhg ?up ohyho hylghqfh rq wkh g|qdplfv ri qrq0
pdqxdo zdjh suhpld dqg hpsor|phqw vkduhv lq Lwdoldq pdqxidfwxulqj lq wkh
qlqhwlhv1 Wkh 3sx}}oh4 ri wkh prghvw fkdqjh lq uhodwlyh idfwru sulfhv dqg
hpsor|phqw vkduhv lq d shulrg ri udslg whfkqrorjlfdo fkdqjh dqg wudgh lqwh0
judwlrq fdqqrw eh h{sodlqhg dzd| e| dgyrfdwlqj wkh 3uljlglw|4 ri wkh oderu
pdunhw1Rxu ?uvw ?qglqj lv wkdw whfkqrorj| dqg wudgh kdyh lqghhg vljql?0
fdqwo| d>hfwhg zdjh suhpld dqg idfwru sursruwlrqv1 Zkdw vhhpv wr kdyh
kdsshqhg lv wkdw 4LW4 dqg 4joredol}dwlrq4 irufhv kdyh odujho| r>vhw hdfk
rwkhu1 Whfkqlfdo surjuhvv lv irxqg wr udlvh/ dv h{shfwhg/ wkh uhodwlyh ghpdqg
iru qrq0pdqxdo oderu zlwklq ?upv1 Krzhyhu/ ghpdqg fkdqjhv dvvrfldwhg
zlwk h{sruwv vxusulvlqjo| uhgxfh wkh uhodwlyh ghpdqg iru vnloov= hpsor|phqw
kdv vkliwhg wrzdugv ?upv surgxflqj xqvnloohg0lqwhqvlyh jrrgv/ r>vhwwlqj wkh
h>hfw ri whfkqrorj| xsrq idfwru sursruwlrqv dqg zdjh vkduhv1
Rxu vhfrqg ?qglqj lv wkdw  dw uhodwlyh zdjh suhpld dqg hpsor|phqw
vkduhv duh odujho| dq duwlidfw ri djjuhjdwlrq1 Zkhq zh orrn zlwklq wkh fdwh0
jru| ri qrq0pdqxdo zrunhuv/ zh ?qg d odujh ulvh lq wkh zdjh suhplxp dqg
hpsor|phqw vkduh ri h{hfxwlyhv/ dqg d frqvlghudeoh idoo lq wkh zdjh suhplxp
dqg hpsor|phqw vkduh ri fohunv1 Lq Lwdo|/ wkh ulvh lq zdjh lqhtxdolw| dqg lq
vnloo xsjudglqj wkdw duh dwwulexwdeoh wr whfkqrorj| vhhp wr kdyh rffxuuhg
zlwklq wkh fdwhjru| ri qrq0pdqxdo zrunhuv/ udwkhu wkdq ehwzhhq pdqxdo dqg
qrq0pdqxdo zrunhuv1
Zh dovr ?qg hylghqfh vxjjhvwlqj wkdw wkh h{sruw vwdwxv ri ?upv pdw0
whuv vxevwdqwldoo| lq h{sodlqlqj wkh oderu pdunhw vkliwv wkdw rffxuuhg kdoizd|
wkurxjk wkh sdvw1 Lq sduwlfxodu/ Lwdoldq h{sruwhuv dffrxqw iru d glvsursru0
wlrqdwh uroh lq erwk ghpdqg0uhodwhg dqg whfkqrorj|0uhodwhg vkliwv1 Rq rqh
kdqg/ ghpdqg kdv ehhq vkliwlqj wrzdugv xqvnloohg0lqwhqvlyh h{sruwlqj ?upv1
Krzhyhu/ wkhvh ?upv kdyh prvw lqwhqvlyho| hqjdjhg lqwr vnloo xsjudglqj1
Ilqdoo|/ lqvwlwxwlrqdo idfwruv vxfk dv xqlrq srzhu dqg fhqwudol}hg edujdlq0
lqj/ w|slfdoo| dvvrfldwhg wr oderu pdunhw 4uljlglwlhv4/ duh irxqg qrw wr vorz
grzq vljql?fdqwo| wkh dgmxvwphqw ri uhodwlyh idfwru sulfhv dqg vkduhv1
Wkhvh frqfoxvlrqv qhhg wr eh nhsw lq shuvshfwlyh1 Wkh| dsso| rqo| wr
rqh vhfwru ri Lwdoldq pdqxidfwxulqj/ dowkrxjk wkh odujhvw rqh lq whupv ri
ydoxh dgghg dqg h{sruwv1 Wkh| dsso| wr d uhodwlyho| vkruw shulrg/ dowkrxjk
rqh ri udslg jurzwk lq lqyhvwphqw dqg h{sruwv1 Reylrxvo|/ wkh| fdqqrw eh
wdnhq dv uhsuhvhqwdwlyh ri d 3frqwlqhqwdo Hxurshdq4fdvh1 \hw zh ihho wkdw
wkhvh uhvxowv/ lqwhuhvwlqj lq wkhlu rzq phulw/ xqghuvfruh wkh qhhg wr dvvhvv
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wkh phulwv ri frqyhqwlrqdo h{sodqdwlrqv iru djjuhjdwh rxwfrphv rq wkh edvlv
ri vrxqg plfurhfrqrplf hylghqfh1
4:
; Dsshqgl{
Wklv dsshqgl{ surylghv ghwdlov rq wkh ghfrpsrvlwlrqv suhvhqwhg lq wkh pdlq
wh{w1 Zh vwduw e| lghqwli|lqj wkh frqwulexwlrqv ri hpsor|phqw dqg zdjhv
wr wkh fkdqjh lq wkh qrq0pdqxdo vkduh ri wkh zdjh eloo/ dqg zh vkrz krw
wr lghqwli| vhsdudwho| wkh uhvshfwlyh ehwzhhq dqg zlwklq frpsrqhqwv1 Zh
wkhq looxvwudwh krz wkhvh zhljkwhg frpsrqhqwv gl>hu iurp wkh xqzhljkwhg
ghfrpsrvlwlrqv ri wkh fkdqjh lq wkh zdjh suhplxp dqg wkh fkdqjh lq wkh qrq0
pdqxdo hpsor|phqw vkduh frpprqo| uhsruwhg lq wkh olwhudwxuh1 Ilqdoo|/ zh
vkrz krz wr h{sorlw wkh glvdjjuhjdwh lqirupdwlrq frqwdlqhg lq rxu gdwdedvh
wr ghfrpsrvh wkh ryhudoo ehwzhhq dqg zlwklq frpsrqhqwv iru qrq0pdqxdo
zrunhuv lqwr wkh uhvshfwlyh frqwulexwlrqv ri fohunv dqg h{hfxwlyhv1
Ohw wkhuh eh ð ' c éééc U ?upv/ dqg gh?qh .ð ' hpsor|phqw dw ?up l/
.ð? ' qrq0pdqxdo hpsor|phqw dw ?up l/ . '
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dyhudjh qrq0pdqxdo zdjh udwh1
Wkh fkdqjh lq wkh qrq0pdqxdo vkduh ri wkh wrwdo zdjh eloo/ `?.?*`./
fdq eh zulwwhq dv iroorzv=
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zkhuh { ghqrwhv gl>huhqfhv ehwzhhq wzr srlqwv lq wlph/ dqg wkh xsshu edu
rq yduldeohv ghqrwhv dyhudjhv ryhu wlph1 Wkh ?uvw whup rq wkh uljkw kdqg
vlgh ri wkh odvw h{suhvvlrq lv wkh frpsrqhqw dwwulexwdeoh wr wkh fkdqjh lq wkh
zdjh gl>huhqwldov/ nhhslqj frqvwdqw wkh hpsor|phqw vwuxfwxuh ryhu wlph1 Lw lv
srvlwlyh +qhjdwlyh, li/ rq dyhudjh/ dq lqfuhdvh +ghfuhdvh, lq wkh uhodwlyh zdjh
iru vnloohg zrunhuv kdv rffxuuhg1 Wkh vhfrqg whup jlyhv wkh fkdqjh dvvrfldwhg
zlwk pryhphqwv lq uhodwlyh hpsor|phqw/ dw frqvwdqw uhodwlyh zdjhv1 Lw lv
srvlwlyh +qhjdwlyh, li/ rq dyhudjh/ wkh uhodwlyh hpsor|phqw ri qrq0pdqxdo
zrunhuv kdv ulvhq +idoohq,1
4;
Krzhyhu/ wkh lqirupdwlrq hphujlqj iurp wkh suhylrxv ghfrpsrvlwlrq fdq0
qrw whoo xv zkhwkhu/ iru h{dpsoh/ kljkhu hpsor|phqw vkduhv iru qrq0pdqxdo
zrunhuv duh gxh wr wkh idfw wkdw ?upv kdyh ehfrph pruh vnloo0lqwhqvlyh ru wr
wkh idfw wkdw wkh hpsor|phqw kdv vkliwhg wrzdug vnloo0lqwhqvlyh ?upv1 Vlp0
loduo|/ kljkhu zdjh gl>huhqwldov pd| eh gxh wr wkh idfw wkdw ?upv kdyh sdlg
kljkhu vnloo suhpld ru wr wkh idfw wkdw dyhudjh zdjhv kdyh prvwo| ulvhq lq ?upv
sd|lqj uhodwlyho| kljk vnloo suhpld1 Lq rughu wr dqvzhu vxfk txhvwlrqv zh fdq
ghfrpsrvh ixuwkhu wkh h{suhvvlrq deryh lghqwli|lqj vhsdudwho| ehwzhhq dqg
zlwklq frpsrqhqwv1 Wr wklv sxusrvh/ qrwh wkdw wkh uhodwlyh zdjh eloo fdq eh
zulwwhq dv iroorzv=
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zkhuh (ð? '
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lv zdjh gl>huhqwldo dw ?up l/ -ð ' `
ð
`
lv uhodwlyh zdjh dw
?up l uhodwlyh wr wkh hfrqrp|0zlgh udwh/ å ð? '
.ð?
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lv wkh sursruwlrq ri vnloohg
hpsor|phqw dw ?up l/ 7ð ' .
ð
.
lv wkh hpsor|phqw vkduh ri ?up l1 Lqwxlwlyho|/
wkh ryhudoo uhodwlyh zdjh eloo lv vxp ryhu doo ?upv ri wkh surgxfw ri irxu
frqfhswxdoo| glvwlqfw frpsrqhqwv= wkh zdjh suhplxp sdlg wr qrq0pdqxdo
zrunhuv e| ?up l +(ð?,> wkh zdjh udwh dw ?up l uhodwlyh wr wkh ryhudoo zdjh
udwh +-ð,> wkh vkduh ri qrq0pdqxdo zrunhuv dw ?up l +å ð?,> wkh vkduh ri ?up
l*v hpsor|phqw rxw ri ryhudoo hpsor|phqw +7ð,1
Wr dqdo|}h wkh vrxufhv ri g|qdplfv/ wdnh wlph0gl>huhqfhv dqg ghfrpsrvh
wkh fkdqjh lq wkh ryhudoo uhodwlyh zdjh eloo dv iroorzv=
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H{suhvvlrq +;, ghfrpsrvhv wkh frqwulexwlrqv ri uhodwlyh zdjhv dqg hp0
sor|phqw vkduhv wr wkh fkdqjh lq wkh qrq0pdqxdo zdjh0eloo vkduh lqwr wkh uh0
vshfwlyh frpsrqhqwv fdswxulqj ehwzhhq0?up dqg zlwklq0?up g|qdplfv1 Qrwh
wkdw wkhvh irxu frpsrqhqwv duh zhljkwhg e| wkh fruuhvsrqglqj hpsor|phqw
4<
dqg zdjh zhljkwv1 Wkhvh zhljkwhg frpsrqhqwv +uhsruwhg lq Wdeohv 609, wkxv
gl>hu iurp wkhlu xqzhljkwhg frxqwhusduwv +uhsruwhg lq Wdeohv :043,/ jlyhq
e| wkh ehwzhhq dqg zlwklq frpsrqhqwv ri wkh fkdqjh lq wkh qrq0pdqxdo
hpsor|phqw dqg zdjh eloo vkduhv1
Wr looxvwudwh wkh gl>huhqfhv/ zh qrz frqvlghu vhsdudwho| wkh fkdqjh lq
wkh hpsor|phqw vkduh ri qrq pdqxdo0zrunhuv {
ý
.?
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ü
dqg wkh fkdqjh lq wkh
qrq0pdqxdo zdjh suhplxp{
ý
`?
`
ü
/ ghfrpsrvlqj hdfk ri wkhp lqwr d frpsr0
qhqw fdswxulqj pryhphqwv ehwzhhq gl>huhqw ?upv/ dqg rqh dvvrfldwhg zlwk
fkdqjhv zlwklq wkh lqglylgxdo ?up1
Frqvlghu ?uvw wkh ghfrpsrvlwlrq ri wkh fkdqjh lq uhodwlyh hpsor|phqw=
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Wkh ?uvw whup lv wkh fkdqjh lq wkh qrq0pdqxdo hpsor|phqw vkduh wkdw
lv dwwulexwdeoh wr wkh fkdqjh lq wkh ?upv* idfwru sursruwlrqv/ å ð? c nhhslqj
frqvwdqw wkhlu uhodwlyh vl}h1 Wklv uh hfwv vkliwv lq idfwru lqwhqvlw| zlwklq
sodqwv1 Lw lv srvlwlyh li vnloo xsjudglqj kdv rffxuuhg lq odujhu ?upv1 Wkh
vhfrqg whup jlyhv wkh sduw ri wkh wrwdo fkdqjh lq wkh qrq0pdqxdo hpsor|phqw
vkduh wkdw lv dwwulexwdeoh wr wkh fkdqjh lq sodqw uhodwlyh vl}h +wkh fkdqjh lq
wkh hpsor|phqw vkduh/ 7ð,/ nhhslqj hdfk ?up*v idfwru sursruwlrqv frqvwdqw
dw wkh shulrg*v dyhudjh1 Wklv uh hfwv hpsor|phqw vkliwv ehwzhhq ?upv1 Lw lv
srvlwlyh li hpsor|phqw ulvhv uhodwlyho| pruh lq vnloo0lqwhqvlyh sodqwv1
Frqvlghu qrz wkh ghfrpsrvlwlrq ri wkh fkdqjhv lq zdjh gl>huhqwldov=
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zkhuh 7ð? '
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lv ?up*v l vkduh ri qrq0pdqxdo hpsor|phqw1 Wkh ?uvw
whup lv wkh zlwklq frpsrqhqw/ dqg lw lv srvlwlyh +qhjdwlyh,/ zkhq wkh zdjh
jds ulvhv +idoov, rq dyhudjh zlwklq ?upv1 Wkh vhfrqg whup lv wkh uhodwlyh
zdjh fkdqjh rffxuulqj ehwzhhq ?upv1 Lw lv srvlwlyh zkhq/ rq dyhudjh/ zdjhv
kdyh ehhq ulvlqj idvwhu lq ?upv wkdw sd| kljkhu zdjh suhpld1 Wkh wklug
whup lv dqrwkhu ehwzhhq frpsrqhqw/ uh hfwlqj fkdqjhv lq wkh frpsrvlwlrq
ehwzhhq ?upv ri qrq0pdqxdo hpsor|phqw1 Lw lv srvlwlyh zkhq/ rq dyhudjh/
qrq0pdqxdo hpsor|phqw vkduhv ulvh pruh lq ?upv wkdw sd| kljkhu zdjh suh0
pld1
Vxpplqj xs/ wkh qrq0pdqxdo hpsor|phqw vkduh dqg uhodwlyh zdjh fdq
ulvh iru wzr uhdvrqv1 Uhodwlyh vnloohg hpsor|phqw fdq ulvh hlwkhu ehfdxvh
rq dyhudjh ?upv hpsor| pruh vnloohg zrunhuv ru ehfdxvh wrwdo hpsor|phqw
lqfuhdvhv lq ?upv wkdw kdyh dq hpsor|phqw vwuxfwxuh eldvhg lq idyrxu ri
vnloohg oderu1 Wkh zdjh jds pd| ulvh hlwkhu ehfdxvh rq dyhudjh ?upv sd|
kljkhu gl>huhqwldov ru ehfdxvh zdjhv ulvh uhodwlyho| idvwhu lq wkrvh ?upv sd|0
lqj kljkhu zdjh suhpld1 Wkh zlwklq frpsrqhqwv suhvxpdeo| uh hfw idfwru0
vshfl?f vkrfnv/ vxfk dv d fkdqjh lq wkh uhodwlyh surgxfwlylw| ri vnloohg zrunhuv
gxh wr vnloo0eldvhg whfkqlfdo surjuhvv1 Wkh ehwzhhq frpsrqhqwv uh hfw ?up
dqg vhfwru0vshfl?f vkrfnv dowhulqj uhodwlyh pdunhw vkduhv wkdw pd| kdyh erwk
d ghpdqg +h1j1/ wudgh/ fkdqjhv lq frqvxphu wdvwhv, ru d vxsso| ruljlq +h1j1/
?up0eldvhg qhxwudo whfkqlfdo fkdqjh,1
Ohw*v qrz wxuq wr wkh ghfrpsrvlwlrq ri wkh frqwulexwlrqv ri qrq0pdqxdo
zrunhuv lqwr wkrvh ri fohunv dqg h{hfxwlyhv1 Lq jhqhudo/ li wkh gdwd vhw doorzv
d ?qhu ghfrpsrvlwlrq ri qrq0pdqxdo hpsor|phqw lq g fodvvhv/ wkh ghfrp0
srvlwlrqv suhvhqwhg deryh fdq eh h{whqghg wr suhvhqw wkh uhvshfwlyh frqwul0
exwlrqv ri hdfk fodvv +h1j1 fohunv dqg pdqdjhuv, wr wkh ryhudoo qrq0pdqxdo
g|qdplfv1 Dvvxph wkdw qrq0pdqxdo hpsor|phqw dw ?up ð fdq eh glylghg
lqwr & ' c 2c ééég fdwhjrulhv=
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lv fodvv* & vkduh ri qrq0pdqxdo hpsor|phqw dw ?up ð1
Frqvlghu ?uvw wkh frqwulexwlrq ri hdfk ri wkh g fodvvhv wr hdfk ri wkh
frpsrqhqwv ri wkh zdjh eloo ghfrpsrvlwlrq=
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Wkh ?uvw whup +zdjh zlwklq, fdq eh zulwwhq dv=4:[
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Vlploduo|/ wkh rwkhu frpsrqhqwv fdq eh zulwwhq dv iroorzv=
[
ð
k
{-ð(ð?
í
å ð?7
ð
ìl
'
[
&
[
ð
k
{-ð(ð&Z
ð
& å
ð
?7
ð
l
'
[
&
[
ð
k
{-ð(ð& å
ð
&7
ð
l
+Z0ehw,
[
ð
k
{å ð?7
ð(ð?-
ð
l
'
[
&
[
ð
k
{å ð&7
ð (ð?-
ð
l
+H0zlw,
[
ð
k
{7ðå ð?(
ð
?-
ð
l
'
[
&
[
ð
k
{7ðå ð? (
ð
&Z
ð
&-
ð
l
'
[
&
[
ð
k
{7ðå ð& (
ð
&-
ð
l
+H0ehw,
Qrwh wkdw
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4:Qrwh wkdw wkh ?uvw whup lv htxdo wr zkdw zh zrxog rewdlq e| vxpplqj ryhu fodvvhv
wkh lqglylgxdo zlwklq frpsrqhqw1 Lqwxlwlyho|/ e| grlqj vr/ zh zrxog qrw wdnh lqwr dffrxqw
wkh fkdqjhv lq zlwklq qrq0pdqxdo zdjhv gxh wr wkh uhfrpsrvlwlrq ri hpsor|phqw ehwzhhq
fodvvhv zlwklq qrq0pdqxdo1
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Wxuqlqj wr wkh frqwulexwlrq ri lqglylgxdo fodvvhv wr wkh ghfrpsrvlwlrq ri
wkh fkdqjh lq uhodwlyh hpsor|phqw=
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uhsuhvhqwv wkh dyhudjh n0idfwru lqwhq0
vlw| dw ?up l1
Lq vxppdu|/ wkh suhylrxv h{suhvvlrq vlpso| vwdwhv wkdw ehwzhhq2zlwklq
frpsrqhqwv ri wkh vkduh ri qrq pdqxdo zrunhuv lv vlpso| jlyhq e| wkh vxp ri
wkh fruuhvsrqglqj ehwzhhq2zlwklq frpsrqhqwv ri wkh vxe0fodvvhv & ' c ééécg
+h1j1 fohunv/ pdqdjhuv,1
Ilqdoo|/ frqvlghu wkh frqwulexwlrq ri lqglylgxdo fodvvhv wr wkh ghfrpsrvl0
wlrq ri wkh fkdqjh lq wkh zdjh gl>huhqwldo=
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Iurp wkh suhylrxv h{suhvvlrq zh rewdlq=
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hvsruwdwulfl lwdoldqh1 Xq* dqdolvl vx gdwl Phglrfuhglwr h Ihghuphffdqlfd/
LFH/ Txdghuqr gl Ulfhufd Qr1 471
^4<` Irqwdjqë/ O1/ P1 Iuhxghqehuj/ Q1 Shulg|/ 4<<:/ Wudgh Sdwwhuqv lqvlgh
wkh Vlqjoh Pdunhw/ Nrjdq Sdjh= Orqgrq1
^53` Irqwdjqë/ O1/ P1 Iuhxghqehuj/ Q1 Shulg|/ 4<<;/ Lqwud0lqgxvwu| wudgh dqg
wkh vljoh pdunhw= txdolw| pdwwhuv/ FHSU Glvfxvvlrq Sdshu Qr1 4<8<1
^54` Iuhhpdq/ U1 dqg O1 Ndw}/ 4<<9/ Lqwurgxfwlrq dqg vxppdu|/ lq U1 Iuhh0
pdq dqg O1 Ndw}/ +hgv1, Gl>huhqfhv dqg Fkdqjhv lq Zdjh Vwuxfwxuh/
Wkh Xqlyhuvlw| ri Fkdfdjr Suhvv/ Fklfdjr1
^55` Juhhqdzd|/ G1/ U1 Klqh dqg F1 Ploqhu/ 4<<7/ Frxqwu|0vshfl?f idfwruv
dqg wkh sdwwwhuq ri krul}rqwdo dqg yhuwlfdo lqwud0lqgxvwu| wudgh lq wkh
XN/ Zhozluwvfkdiwolfkhv Ddufklyhv 463/ ::0<<1
^56` Mrujhqvrq/ G1 Z1/ dqg N1 M1 Vwlurk/ 5333/ Udlvlqj wkh vshhg olplw= XV
hfrqrplf jurzwk lq wkh lqirupdwlrq djh/ Eurrnlqjv Sdshuv rq Hfrqrplf
Dfwlylw|/ 45805681
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^57` Nuxjpdq/ Sdxo U1/ 4<<8/ 4Whfkqrorj|/ Wudgh dqg Idfwru Sulfhv4/ QEHU
Zrunlq Sdshu 8688
^58` Kdvnho/ M1 5333/ Wudgh dqg Oderu Dssurdfkhv wr Zdjh Lqhtxdolw|/ Uh0
ylhz ri Lqwhuqdwlrqdo Hfrqrplfv/ ;+6,/ 6<:073;1
^59` Kdvnho/ M1/ dqg P1 Vodxjkwhu/ 5334d/ Wudgh/ whfkqrorj|/ dqg XN zdjh
lqhtxdolw|/ Hfrqrplf Mrxuqdo/ 443/ 4960;:1
^5:` Kdvnho/ M1/ dqg P1 Vodxjkwhu/ 5334e/ Grhv wkh vhfwru eldv ri vnloo0eldvhg
whfkqrorjlfdo fkdqjh h{sodlq fkdqjlqj vnloo suhpldB/ Hxurshdq Hfrqrplf
Uhylhz/ iruwkfrplqj1
^5;` Ohdphu/ H1/ 4<<;/ Lq vhdufk ri Vwroshu0Vdpxhovrq h>hfwv rq XV zdjhv/
lq V1 Froolqv +hg1,/ H{sruwv/ Lpsruwv/ dqg wkh Dphulfdq Zrunhu/ Zdvk0
lqjwrq G1F1= Wkh Eurrnlqjv Lqvwlwxwlrq1
^5<` Oxflirud/ F1/ 4<<8/ Ghwhuplqd}lrqh gho vdodulr lq Lwdold= xqd udvvhjqd
ghood ohwwhudwxud hpslulfd1 Lo frqwulexwr ghoo* dqdolvl ghl plfur0gdwl/ lq
^63` Pdfklq/ V1/ Ehupdq/ H1 dqg M1 Erxqg/ 4<<;/ Lpsolfdwlrqv ri Vnloo0Eldvhg
Whfkqrorjlfdo Fkdqjh= Lqwhuqdwlrqdo Hylghqfh/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ 446/ 45780:<1
^64` Pdfklq/ V1 dqg M1 Ydq Uhhqhq/ 4<<;/ Whfkqrorj| dqg Fkdqjhv lq Vnloo
Vwuxfwxuh= Hylghqfh Iurp Vhyhq RHFG Frxqwulhv/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ 446/ 45480771
^65` Pdqdvvh/ S1 dqg D1 Wxuulql/ 5334/ Wudgh/ zdjhv/ dqg vxshuvwduv/ Mrxuqdo
ri Lqwhuqdwlrqdo Hfrqrplfv/ 87/ <:044:1
^66` RHFG/ 4<<9/ Hpsor|phqw Rxworrn/ RHFG/ Sdulv1
^67` RHFG/ 4<<:/ Wudgh/ hduqlqjv dqg hpsor|phqw= dvvhvvlqj wkh lpsdfw ri
wudgh zlwk hphujlqj hfrqrplhv rq RHFG oderxu pdunhwv4/ lq Hpsor|0
phqw Rxworrn/ RHFG/ Sdulv1
^68` Rolqhu/ V1/ dqg G1 Vlfkho/ 5333/ Wkh uhvxujhqfh ri jurzwk lq wkh odwh
4<<3v= lv lqirupdwlrq whfkqrorj| wkh vwru|B/ Mrxuqdo ri Hfrqrplf Shu0
vshfwlyhv/ 47/ 60551
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^69` Txlqwlhul/ E1/ dqg I1F1 Urvdwl/ 4<<8/ Hpsor|phqw vwuxfwxuh/ whfkqrorj0
lfdo fkdqjh dqg lqwhuqdwlrqdo wudgh= wkh Lwdoldq pdqxidfwxulqj vhfwru lq
wkh hljkwlhv/ lq E1 Txlqwlhul +hg1,/ Sdwwhuqv ri Wudgh/ Frpshwlwlrq dqg
Wudgh Srolflhv/ Dyhexu|/ 46604881
^6:` Ulfkdugvrq/ M1/ 4<<8/ Lqfrph Lqhtxdolw| dqg Wudgh= Krz wr Wklqn/
Zkdw wr Frqfoxgh/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ <+6,/ 660881
^6;` Vodxjkwhu/ P1/ 4<<;/ Lqwhuqdwlrqdo wudgh dqg oderxu pdunhw rxwfrphv=
uhvxowv/ rxfrphv/ dqg srolf| rswlrqv/ Wkh Hfrqrplf Mrxuqdo/ 443/ 4960
4;:1
^6<` Vodxjkwhu/ P1/ 4<<</ Joredol}dwlrq dqg zdjhv= d wdoh ri wzr shuvshfwlyhv/
Wkh Zruog Hfrqrp|/ 55/ 93<0631
^73` Zrrg/ D1/ 4<<8/ Krz Wudgh Kxuw Xqvnloohg Zrunhuv/ Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv/ <+6,/ 8:0;31
5:
Wdeoh 4= Phdqv iru vhohfwhg yduldeohv= ryhudoo dqg e| vxe0vdpsoh
Vdpsoh ZEqZE ZqZ HqH Zq Z Hq H Q1Rev1
Ryhudoo 691< 45315 6513 63461< 583:15 7<19 48516 ;47;
4<<8 691; 44<19 6514 5;;915 574413 7<1< 48517 5;6:
4<<9 6918 45319 6419 633717 57;;13 781; 4771< 5945
4<<: 6:16 45316 6517 64871< 595719 851; 48<18 59<<
Vpdoo 681; 44717 6517 5;431< 577616 61; 4515 6656
Phglxp 6913 45516 631: 638816 583913 4913 8415 6348
Odujh 7315 45817 661: 658418 59441< 4;<19 8:;15 4;43
Qruwk 691< 45317 6513 634:19 583916 8316 48716 98;<
Fhqwuh 6:16 44<15 6518 635317 586514 7917 46918 46;7
Vrxwk 641; 45313 5:19 5;541< 567319 791: 53819 4:8
Phwdo 5;17 45619 5619 633<17 57551< 5317 ;;17 4:;3
Pdfklqhu| 691; 44<19 6419 637614 587616 6317 <91< 5995
Suhflvlrq 871< 44716 8315 63:;16 5:3713 48817 54:1< 675
Hohfwulfdo 7:1< 45314 7514 637317 587918 <:1< 5781; ;::
Wudqvsruw 6516 45918 591: 63<913 578317 47318 8<;16 :47
Rwkhu 6;16 44914 6719 5<3<15 583413 591: 9417 4::6
H{sruwhu 6;16 4541: 651: 63;416 58691; 9:13 53;13 84;;
Qrq h{s1 6716 44:17 631: 5;;71; 578516 4;1; 8617 5<63
Xqlrq 6915 4551: 631: 64391< 586;1< 9<17 54714 88:4
Qr xqlrq 6;18 44715 671< 5:<31< 576619 919 4;1; 5895
Vwulnh 681: 45719 5<1: 64;;1; 589818 4441; 67814 574:
Qr vwulnh 6:16 44;15 6613 5<6814 57;414 551< 9;1< 89<4
Rxwv1 681< 44;1; 6419 5<9:14 57<416 641: <61: 65;<
Qr rxwv1 6:18 45415 6515 63781: 584819 9515 4<619 7:86
Qrwh= ZEqZE @ qrq0pdqxdo vkduh ri zdjh eloo> ZqZ @ qrq0pdqxdo uhodwlyh zdjh>
HqH @ qrq0pdqxdo hpsor|phqw vkduh> Zq @ dyhudjh qrq0pdqxdo zdjh>
Z @ dyhudjh zdjh> Hq @ qrq0pdqxdo hpsor|phqw> H @ hpsor|phqw1 Vpdoo= H?58/
Odujh= HA4331 H{sruwhu= H{s2Vdohv A 1341 Xqlrq= suhvhqfh ri xqlrq phpehuv1
Vwulnh= vwulnhv rffxuuhg1 Rxwv1= rxwvrxuflqj rffxuuhg15;
Wdeoh 5= Phdqv iru vhohfwhg yduldeohv e| vl}h
Vdpsoh ZEqZE ZqZ HqH Zq Z Hq H Q1Rev1
Vpdoo
H{sruwhu 6;1< 44813 6813 5;8617 57:713 716 4613 4859
Qrq h{s1 6615 4461< 6315 5::61: 574:18 616 4418 4:;:
Xqlrq 641; 44:17 5;14 5<361< 579:14 713 4716 4655
Qr xqlrq 6;15 44518 6814 5:7<1< 575:16 619 431; 4<<4
Vwulnh 5;16 44<14 5717 5<6817 577416 617 461; 5;9
Qr vwulnh 6916 44714 6613 5;3416 577616 61; 4514 6353
Phglxp
H{sruwhu 6:14 45519 6416 63<31: 58591: 491; 8614 5437
Qrq h{s1 6616 45418 5<13 5<:31: 578814 461< 791; ;<7
Xqlrq 6817 45613 5<1< 63;;1< 584;15 4916 8617 57:4
Qr xqlrq 6;18 44<13 6713 5<3318 577;1: 4716 7413 86<
Vwulnh 6715 45715 5;18 647719 586:17 491: 8:13 4345
Qr vwulnh 691; 45416 641: 634318 57;<19 4818 7;15 4<<4
Odujh
H{sruwhu 6<17 4581< 651: 658914 593713 4<915 93;15 488;
Qrq h{s1 7814 45519 7314 655517 59951: 47:15 6::19 57<
Xqlrq 7313 45818 6618 65871; 594617 4<41; 8;913 4::;
Qr xqlrq 7<19 4561: 761; 639:1; 585:17 951< 47315 65
Vwulnh 6;19 45914 641< 65::1; 594918 55818 9<316 444<
Qr vwulnh 751: 45716 6919 653:17 593817 45<15 6;513 9;3
Qrwh= ZEqZE @ qrq0pdqxdo vkduh ri zdjh eloo> ZqZ @ qrq0pdqxdo uhodwlyh zdjh>
HqH @ qrq0pdqxdo hpsor|phqw vkduh> Zq @ dyhudjh qrq0pdqxdo zdjh>
Z @ dyhudjh zdjh> Hq @ qrq0pdqxdo hpsor|phqw> H @ hpsor|phqw1 Vpdoo= H?58/
Odujh= HA4331 H{sruwhu= H{s2Vdohv A 1341 Xqlrq= suhvhqfh ri xqlrq phpehuv1
Vwulnh= vwulnhv rffxuuhg1
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Wdeoh 6= Ghfrpsrvlwlrqv ri wkh qrq0surgxfwlrq zdjh eloo vkduh
Vdpsoh ZEwrw Hwrw Zwrw Hehw Hzlw Zehw Zzlw Q1Rev1
Ryhudoo 3167 313< 3159 03184 3193 3144 3148 484;
Vpdoo 03135 03138 3136 0313; 3136 3136 03133 845
Phglxp 3145 3139 3139 0313: 3147 3137 3134 8<4
Odujh 3157 313: 314: 03169 3176 3136 3147 748
Qruwk 3163 313: 3156 03184 318; 3146 3144 4594
Fhqwuh 3137 3136 3134 03135 3138 03135 3136 567
Vrxwk 3133 03134 3134 3135 03136 03133 3134 56
Phwdo 03134 03137 3136 0313< 3139 3137 03133 645
Pdfklq1 3178 3159 314< 313; 314; 3145 313: 85;
Suhflv1 03133 03136 3136 3134 03137 03133 3136 89
Hohfwu1 03156 03158 3135 03179 3154 03136 3138 499
Wudqvs1 03135 03133 03135 03134 3134 03139 3136 476
Rwkhu 3149 3148 3134 03137 314< 3137 03136 646
H{sruwhu 3153 3134 314< 03174 3174 3138 3147 ;58
Qrq h{s1 3147 313; 313: 03143 314; 3138 3134 9<6
Xqlrq 316< 3146 3159 03179 318< 3143 3148 4449
Qr xqlrq 03138 03138 3133 03138 3134 3133 3133 6<:
Vwulnh 03143 03163 3153 03178 3148 03135 3155 867
Qr vwulnh 3173 3167 313: 03137 316; 3145 03138 <:3
Qrwh= ?jxuhv duh 4<<80<: devroxwh fkdqjhv +vhh vhfwlrq 7 iru ghwdlov,1 Ohjhqg=
ZEwrw @ qrq0pdqxdo vkduh ri zdjh eloo/ Hwrw @ wrwdo hpsor|phqw/
Zwrw @ wrwdo zdjh/ Hehw @ hpsor|phqw ehwzhhq/ Hzlw @ hpsor|phqw zlwklq/
Zehw @ zdjh ehwzhhq/ Zzlw @ zdjh zlwklq1 H{sruwhu= H{s2Vdohv A 3 141
Xqlrq= suhvhqfh ri xqlrq phpehuv1 Vwulnh= vwulnhv rffxuuhg1
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Wdeoh 7= Ghfrpsrvlwlrqv ri wkh qrq0pdqxdo zdjh eloo vkduh e| vl}h
Vdpsoh ZEwrw Hwrw Zwrw Hehw Hzlw Zehw Zzlw Q1Rev1
Vpdoo
H{sruwhu 3134 03134 3135 03134 03133 3134 3133 4:7
Qrq h{s1 03136 03137 3134 0313: 3136 3135 03134 66;
Phglxp
H{sruwhu 3136 3134 3135 0313; 313< 3136 03133 655
Qrq h{s1 313< 3138 3136 3133 3138 3135 3135 59<
Odujh
H{sruwhu 3149 3133 3148 03166 3166 3134 3147 65<
Qrq h{s1 313< 313: 3135 03136 3143 3135 3133 ;9
Qrwh= ?jxuhv duh 4<<80<: devroxwh fkdqjhv +vhh vhfwlrq 7 iru ghwdlov,1 Ohjhqg=
ZEwrw @ qrq0pdqxdo vkduh ri zdjh eloo/ Hwrw @ wrwdo hpsor|phqw/
Zwrw @ wrwdo zdjh/ Hehw @ hpsor|phqw ehwzhhq/ Hzlw @ hpsor|phqw zlwklq/
Zehw @ zdjh ehwzhhq/ Zzlw @ zdjh zlwklq1 H{sruwhu= H{s2Vdohv A 3 141
Wdeoh 8= Ghfrpsrvlwlrqv ri wkh qrq0pdqxdo zdjh eloo vkduh e| fodvv
Vdpsoh ZEwrw Hwrw Zwrw Hehw Hzlw Zehw Zzlw Q1Rev1
Ryhudoo 3167 313< 3159 03184 3193 3144 3148 484;
H{hfxwlyhv 31;; 31:3 31<9 03174 4144 3139 31<4 4597
Fohunv 03186 03196 031:4 03143 03185 3139 031:: 4778
H{sruwhu 3153 3134 314< 03174 3174 3138 3147 ;58
H{hfxwlyhv 3197 3183 31:6 0315< 31:< 3136 31:3 :7:
Fohunv 03175 0317; 03184 03145 0316: 3137 03188 ;39
Qrq h{sruw1 3147 313; 313: 03143 314; 3138 3134 9<6
H{hfxwlyhv 3157 3153 3157 03145 3165 3136 3154 84:
Fohunv 03144 03147 0314< 3134 03149 3136 0 3155 96<
Qrwh= ?jxuhv duh 4<<80<: devroxwh fkdqjhv +vhh vhfwlrq 8 iru ghwdlov,1 Ohjhqg=
ZEwrw @ qrq0pdqxdo vkduh ri zdjh eloo/ Hwrw @ wrwdo hpsor|phqw/
Zwrw @ wrwdo zdjh/ Hehw @ hpsor|phqw ehwzhhq/ Hzlw @ hpsor|phqw zlwklq/
Zehw @ zdjh ehwzhhq/ Zzlw @ zdjh zlwklq1 H{sru whu= H{s2Vdohv A 3 141
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Wdeoh 9= Ghwhuplqdqwv ri zdjh dqg hpsor|phqw ghfrpsrvlwlrqv
Ghs1 ydu1 Grpvdoh Iruvdoh Lqydps Lqyulv Lqyqhz Vdohsz -2
ZEehw 71;4 9136 31<8 3134 51;5 03133 3149
+ 815;, + 917;, + 414<, + 3134, + 41:7, + 07158,
ZEzlw 04147 07139 03165 03179 4148 3133 313<
+ 051::, + 0<195, + 031;9, + 031;3, + 418:, + 619;,
Hehw 81<5 ;16: 4144 3146 418; 03133 3149
+ 91:7, + <166, + 4176, + 3143, + 4134, + 071;7,
Hzlw 041:< 09135 0318: 03154 5143 3133 3145
+ 0618<, + 0441;5, + 04163, + 03164, + 5169, + 61;4,
Zehw 0413< 05166 03148 03145 4157 3133 314;
+ 071;4, + 043134, + 031:9, + 0316:, + 6139, + 4196,
Zzlw 3197 41<7 3158 03157 031<7 03133 3163
+ 61<<, + 441<3, + 41;3, + 0413<, + 06165, + 05159,
Qrwh= w0vwdwlvwlfv uhsruwhg lq sduhqwkhvhv1 Revhuydwlrqv lq hdfk htxdwlrq= 46481 Doo
vshfl?fdwlrqv lqfoxgh vl}h/ lqgxvwu|/ dqg uhjlrq gxpplhv/ dqg wrwdo 4<<8 hpsor|phqw1
Ohjhqg= Grpvdoh @ fkdqjh lq ?up*v grphvwlf vdohv ryhu wrwdo vdohv> Iruvdoh @ fkdqjh
lq ?up*v iruhljq vdohv ryhu wrwdo vdohv> Lqydps @ Hqodujhphqw lqyhvwphqw ryhu vdohv>
Lqyulv @ Uhvwuxfwxulqj lqyhvwphqw ryhu vdohv> Lqyqhz @ Lqyhvwphqw lq qhz surgxfwv
ryhu vdohv> Vdohsz @ fkdqjh lq vdohv shu zrunhu1
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Wdeoh := Hpsor|phqw dqg zdjh ghfrpsrvlwlrqv= xqzhljkwhg
Vdpsoh Hwrw Hehw Hzlw Zwrw Zehw Zzlw Zfrp Q1Rev1
Ryhudoo 3145 0316; 317< 3193 3165 317; 03153 484;
Vpdoo 03135 03138 3136 0313; 3136 3136 03133 845
Phglxp 3145 3139 3139 0313: 3147 3137 3134 8<4
Odujh 3157 313: 314: 03169 3176 3136 3147 748
Qruwk 313< 0316; 317: 318< 316< 3166 03147 4594
Fhqwuh 3135 03135 3137 3135 03139 3143 03135 567
Vrxwk 3133 3135 03135 03134 03134 3137 03137 56
Phwdo 03135 0313: 3138 0313; 3143 03134 03149 645
Pdfklq1 3154 3138 3148 415; 316: 3156 319; 85;
Suhflv1 03136 3133 03136 03138 03134 3143 03147 89
Hohfwu1 0314: 03167 314: 031;6 0313; 3148 031<3 499
Wudqvs1 3133 03133 3134 03148 0314: 3143 0313; 476
Rwkhu 3146 03135 3148 3176 3144 0313< 3174 646
H{sruwhu 3135 03165 3168 3159 3149 3177 03167 ;58
Qrq h{s1 313< 03138 3148 3166 3149 3137 3146 9<6
Xqlrq 3147 03168 317< 31:: 3166 317; 03137 4449
Qr xqlrq 03136 03136 3133 0314: 03134 3134 0314: 6<:
Vwulnh 03154 03168 3147 03196 03139 319; 04158 867
Qr vwulnh 315< 03134 3163 4144 3169 03149 31<4 <:3
Qrwh= ?jxuhv duh 4<<80<: devroxwh fkdqjhv +vhh vhfwlrq 7 iru ghwdlov,1 Ohjhqg=
Hwrw @ wrwdo hpsor|phqw/ Hehw @ hpso1 ehwzhhq/ Hzlw @ hpso1 zlwk lq/
Zwrw @ wrwdo zdjh/ Zehw @ zdjh ehwzhhq/ Zzlw @ zdjh zlwklq/ Zfrp @ zdjh
frpsrvlwlrq1 H{sruwhu= H{s2Vdohv A 314> Xqlrq= suhvhqfh ri xqlrq phpehuv1
Vwulnh= vwulnhv rffxuuhg1
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Wdeoh ;= Hpsor|phqw dqg zdjh ghfrpsrvlwlrqv e| vl}h +xqzhljkwhg,
Vdpsoh Hwrw Hehw Hzlw Zwrw Zehw Zzlw Zfrp Q1Rev1
Vpdoo
H{sruwhu 03134 03133 03133 3135 3138 3133 03136 4:7
Qrq h{s1 03136 03139 3136 03144 3137 03134 03146 66;
Phglxp
H{sruwhu 3134 03139 313: 3139 313: 03133 03134 655
Qrq h{s1 3138 3134 3137 3157 3139 3137 3147 59<
Odujh
H{sruwhu 3135 03159 315; 314; 3138 3177 03163 65<
Qrq h{s1 313; 03133 313; 3153 3139 3134 3146 ;9
Qrwh= ?jxuhv duh 4<<80<: devroxwh fkdqjhv +vhh vhfwlrq 7 iru ghwdlov,1 Ohjhqg=
Hwrw @ wrwdo hpsor|phqw/ Hehw @ hpso1 ehwzhhq/ Hzlw @ hpso1 zlwk lq/
Zwrw @ wrwdo zdjh/ Zehw @ zdjh ehwzhhq/ Zzlw @ zdjh zlwklq/ Zfrp @ zdjh
frpsrvlwlrq1 H{sruwhu= H{s2Vdohv A 3141
Wdeoh <= Hpsor|phqw dqg Zdjh ghfrpsrvlwlrqv e| fodvv +xqzhljkwhg,
Vdpsoh Hwrw Hehw Hzlw Zwrw Zehw Zzlw Zfrp Q1Rev1
Ryhudoo 3145 0316; 317< 3193 3165 317; 0 3153 484;
H{hfxwlyhv 318: 0315< 31;9 8137 314: 51;7 5136 4597
Fohunv 03179 0313< 0316: 07178 314< 05175 05155 4778
H{sruwhu 3135 03165 3168 3159 3149 3177 03167 ;58
H{hfxwlyhv 3174 03154 3195 61:7 313: 514< 417: :7:
Fohunv 0316: 03144 03159 06168 3145 041:7 041:6 ;39
Qrq h{sruw1 313< 03138 3148 3166 3149 3137 3146 9<6
H{hfxwlyhv 3149 0313; 3157 4163 3143 3198 3189 84:
Fohunv 0313; 3135 03144 0413< 313; 0319; 0 317< 96<
Qrwh= ?jxuhv duh 4<<80<: devroxwh fkdqjhv +vhh vhfwlrq 8 iru ghwdlov,1 Ohjhqg=
Hwrw @ wrwdo hpsor|phqw/ Hehw @ hpso1 ehwzhhq/ Hzlw @ hpso1 zlwk lq/
Zwrw @ wrwdo zdjh/ Zehw @ zdjh ehwzhhq/ Zzlw @ zdjh zlwklq/ Zfrp @ zdjh
frpsrvlwlrq1 H{sruwhu= H{s2Vdohv A 3141
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Wdeoh 43= Ghwhuplqdqwv ri zdjh dqg hpsor|phqw xqzhljkwhg ghfrpsrvlwlrqv
Ghs1 ydu1 Grpvdoh Iruvdoh Lqydps Lqyulv Lqyqhz Vdohsz -2
Hehw 7188 9195 31<5 313< 4158 05163 3149
+ 91:6, + <183, + 4186, + 3143, + 4136, + 0813<,
Hzlw 04149 07198 03179 03154 4188 31:8 3145
+ 0613;, + 0441<7, + 0416:, + 03174, + 515<, + 51<;,
Zehw 06175 0:15< 0317; 0316; 61<5 3133 314;
+ 071:;, + 0<1<:, + 031:8, + 0316;, + 613:, + 4187,
Zzlw 41<; 913< 31:< 031:8 051<< 03133 3163
+ 61<7, + 441;8, + 41:;, + 0413;, + 06166, + 0514;,
Qrwh= w0vwdwlvwlfv uhsruwhg lq sduhqwkhvhv1 Revhuydwlrqv lq hdfk htxdwlrq= 46481 Doo
vshfl?fdwlrqv lqfoxgh vl}h/ lqgxvwu|/ dqg uhjlrq gxpplhv/ dqg wrwdo 4<<8 hpsor|phqw1
Ohjhqg= Grpvdoh @ fkdqjh lq ?up*v grphvwlf vdohv ryhu wrwdo vdohv> Iruvdoh @ fkdqjh
lq ?up*v iruhljq vdohv ryhu wrwdo vdohv> Lqydps @ Hqodujhphqw lqyhvwphqw ryhu vdohv>
Lqyulv @ Uhvwuxfwxulqj lqyhvwphqw ryhu vdohv> Lqyqhz @ Lqyhvwphqw lq qhz surgxfwv
ryhu vdohv> Vdohsz @ fkdqjh lq vdohv shu zrunhu1
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